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The complete Proceedings consist of three Series, viz. : 


SERIES A: MATHEMATICAL SCIENCES 
Series B: PuHysicaL SCIENCES 


SERIES C: BroLtoGcicAL AND MeEpICcCAL SCIENCES 


Articles for these Series cannot be accepted unless 
formally communicated for publication by one of the 
members of the Royal Neth. Academy of Sciences. 


The Royal Society celebrates its tercentenary in July, 1960. 
To mark the occasion a series of special articles has been written 
by eminent scientists describing, often at first hand, progress in 
some various fields of science in which United Kingdom research 
is contributing to world knowledge. Lord Hailsham, who is Lord 
Privy Seal and Minister for Science in Mr. Harold Macmillan’s 


Government has written this foreword to the series. 


It is with great pleasure that the Royal Netherlands Academy 
of Sciences publishes this foreword and also some of the articles 
in sign of esteem for the Royal Society and a mark of sympathy 


for its tercentenary. 


M. W. Woerdeman, 


President of the Royal Netherlands Academy of Sciences 
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BRITAIN’s CONTRIBUTION TO THE MODERN AGE OF SCIENCE 
ise 


LORD HAILSHAM 


Lord Privy Seal and Minister for Science 


For three hundred years the Royal Society has been the natural focus 
of scientific opinion, and a continuous source of encouragement and 
initiation in the development of scientific research. It is therefore parti- 
cularly appropriate that their tercentenary celebrations should be marked 
by the publication of a series of authoritative articles on British scientific 
achievements. The development of science is a field in which I have been 
concerned as a Minister over the past two years, and will be yet more 
deeply concerned in the future. I am therefore particularly glad to 
contribute a foreword to this series of articles. 

It would be difficult to overrate the importance of science in our national 
life. In industry and agriculture, in peace and in war it is trite, but never 
superfluous, to remind ourselves that survival depends on our scientific 
achievement. But, I would stress today that man does not live by bread 
alone. British contributions to science are part of our national culture 
and science itself is actually and potentially a great source of spiritual 
and intellectual enrichment in the modern world. 


One Of Several Partners 

The appointment by the Government of a Minister for Science implies 
a fresh recognition of these truths. But the Minister is there not to control 
and direct scientists, but to help them by advocating the needs of the 
scientists and the sciences inside and outside the Government. 

For the Government is only one of several partners. The others include 
the teaching profession, the universities, industry, agriculture, and, of 
course, the scientists in all vocations who are most conspicuously 
represented in our national life by the Royal Society. It is through the 
co-operation of all these that we may look for the continuous advancement 
of scientific knowledge and improved application of it for the national good. 


This article is one of a series specially written by leading 
scientists in Britain to mark the 300th anniversary of 
the Royal Society in July, 1960. The Royal Society—or 
to use its full title, “The Royal Society of London for 
the Promotion of Natural Knowledge’’—received its first 
Charter from King Cuartes II, who also described 
himself as its founder and patron. . .*). 


CRYSTALLOGRAPHY 


ACHIEVEMENTS IN X-RAY CRYSTALLOGRAPHY 
BY 


Sr LAWRENCE BRAGG, F.R.S. 


Director of the Royal Institution, London, the 
scientific body made famous by Michael Faraday 


(Communicated at the meeting of February 27, 1960) 


X-ray crystallography is the deduction of the arrangement of atoms in 
various types of substances, and particularly in crystals, by. studying 
the manner in which these substances scatter a beam of X-rays. It became 
possible when the German scientist Von Laus discovered X-ray diffraction 
by a crystal in 1912. The rays from a Réntgen Ray tube were limited 
to a narrow beam by passing them through a fine hole, and when this 
beam fell on a crystal, and the scattered rays were recorded by a 
photographic plate, the photographs showed a symmetrical pattern of 
spots. Von Lave correctly interpreted this effect as due to the “diffraction” 
of X-ray waves by the regular pattern of atoms in the crystal. 

This discovery was a crucial event in the history of science. In addition 
to proving conclusively that X-rays were electromagnetic waves like light, 
and leading to the study of the characteristic X-ray wavelengths emitted 
by the elements which played a key part in subsequent research into 
atomic structures, it made it possible to analyse the structure of matter 
in a new and very powerful way. 


Optical Grating Principle 

The effect is due to the same principle which governs the production 
of spectra by a diffraction grating. An optical grating consists of a number 
of fine lines ruled regularly on a glass or metal plate. When light falls 
on such a grating, each line scatters a wavelet. In certain directions, 
depending on the spacing of the grating and the wavelength of the light, 
the wavelets combine so that their crests and troughs coincide, and in 


*) The other articles of this series published by the Royal Netherlands Academy 
of Sciences, appeared in the following journals: this Proceedings, p. 221; Proceedings C, 
Biological and Medical Sciences, Vol. LXIII, No. 3, p. 286; Verslag van de Gewone 
Vergadering der Afdeling Natuurkunde, Deel LXIX, No. 2, pag. 29. 
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these directions a strong beam of light is scattered. In other directions 
there is no such fit, the waves cancel each other’s effects, and there is 
no scattered beam. This is the principle of “Interference” enunciated by 
the famous THomas Young in the first years of the 19th century, who 
first clearly demonstrated the wave nature of light. Many of the most 
beautiful colours in nature, such as the iridescent sheen on some beetles, 
the blue of a butterfly’s wing or a jay’s feather, the play of colour in 
mother-of-pearl or, more strikingly, in an opal, are not due to pigments, 
but to interference. 

There is therefore no new optical principle in X-ray diffraction, but 
there is a contrast in emphasis. An optical grating is used to analyse light. 
Because of wavelength differences, red light consisting of the larger 
waves and blue light of the shorter waves, the grating diffracts each 
wavelength in characteristic directions. A very simple pattern of regular 
lines in the grating is used to analyse a complex spectrum consisting of 
many different wavelengths. 


Monochromatic Beam 


In X-ray analysis, on the other hand, we wish to analyse the grating. 
The simplest possible spectrum is used, in fact a monochramatic X-ray 
beam consisting of a single wavelength. This falls on a complex grating 
composed of atoms arranged in some kind of regular pattern in three 
dimensions. The aim is to deduce the atomic arrangement from the 
directions and intensities of the scattered beams or “‘spectra”’ 

It would be out of place to outline the rather complicated geometry 
of the effect in this article. It may perhaps suffice to say that every 
variation of atomic pattern produces a characteristic pattern of X-ray 
diffraction which we can calculate, so by observing the latter we can 
deduce the former. 


Conditions Precisely Right 

One point may be noted. Nature has been kind to us in arranging that 
the scale of dimensions is just right. X-ray waves are about 1,000 times 
shorter than light waves, and their wavelength is of the same order of 
magnitude as the distance between atoms in crystals. This is precisely 
the right condition for the interference of the waves scattered by the 
different atoms in the crystal, which are regularly arranged like soldiers 
drawn up on parade or the pattern of a wall-paper. 

This new art of X-ray analysis is so important because it has cast a 
flood of light on problems in many branches of science. Chemists are 
able to tell us the proportions of the elemental atoms which build up 
chemical compounds. In some cases, in particular in the case of the 
compounds of the element carbon, they can discover which atom is 
linked to which. But X-ray analysis goes further; it gives us a map or 
blueprint of the structure, with each atom in its correct place, so that we 
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can see how it is surrounded by its neighbours and how far away they are. 
Just as a blueprint explains to an engineer how a machine works, so this 
map makes it possible for the scientist to understand why bodies possess 


their properties and how they interact with each other. 


Fantasy Realised 

In “The Ethies of the Dust’, Ruskin explained to his class of young 
ladies what fascinating patterns they would find if only they had a way 
of magnifying a speck of dust so much that they could see the patterns 
of its building stones or atoms. We are now able to realise his fantasy. 

Scientists in all countries have made contributions to the art of X-ray 
analysis, but it can be claimed that the United Kingdom has played a 
leading part. The first analyses were made in the U.K., and up to the 
present a large proportion of the major advances in applying it to 
increasingly complex problems have had their origin in British laboratories. 
In reviewing the structures which have been analysed, we can play a 
kind of “animal, mineral, and vegetable’ game, though these are not 
quite the categories we want. The convenient ones are — Inorganic (oxides, 
salts, minerals), Organic (the compounds of carbon), Metallic (metals and 
alloys), and finally Biological (the vast molecules which play a part in 
life processes). 


The First Analyses 

Most of the first structures to be analysed were inorganic, because they 
were simple. The first of all was the structure of rocksalt, or sodium 
chloride NaCl, shown in Figure 1, where the two types of sphere show 
the position of the centres of sodium (Na) and chlorine (Cl) atoms. 


Innocent though this structure may appear, it caused something like a 


Fig. 1. The structure of rock salt (sodium chloride). 
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minor chemical revolution. A cornerstone of chemistry is the conception 
of tle molecule, the basis of Dalton’s atomic theory. The vast numbers 
of different chemical compounds are built from comparatively few 
elements. Dalton postulated that each pure compound is composed of 
identical molecules, each molecule being a small family party of various 
atoms united together as a group. For instance, sodium chloride was held 
to be composed of molecules each containing one atom of sodium and 
one of chlorine. But, looking at the structure in Figure 1, where is the 
molecule? Each sodium atom (Na) is surrounded equally by six chlorine 
atoms (Cl), and each chlorine atom by six sodium atoms, in a kind of 
three-dimensional chessboard pattern, and there is nothing to indicate 
that one sodium is particularly linked to one chlorine. 


A Hard Fight 

The answer, as is now realised, is that the structure is composed of 
charged atoms or ions, sodium being positive and chlorine negative. It 
is the electrical attraction of these opposite charges which holds the 
structure together, and of course each positive tends to be surrounded 
by negatives, and vice versa. The equality in numbers of sodium and 
chlorine atoms comes, not from pairing of one sodium with one chlorine, 
but because the electrical charges must balance. So there is no molecule; 
it is as if we had found that the numbers of ladies and gentlemen at 
dinner parties is generally equal and falsely concluded they were all 
necessarily married couples, instead of realising that it was because each 
lady liked to have a gentleman on either side, and vice versa. It was a 
hard fight to get the idea accepted. I remember well how we were begged 
by the chemists to find some inclination, however slight, of a sodium 
atom to the chlorine to which it properly belonged! 

The idea of inorganic compounds being composed of ions has given a 
new slant to inorganic chemistry. It has its most striking application in 
the structure of the minerals. The most common elements, which form 
by far the greatest proportion of the Earth’s crust, are oxygen, silicon, 
and aluminium. Sand, for instance, is mostly silica or quartz, a substance 
made up of silicon and oxygen in such a way that there are twice as 
many oxygen ions as silicon ions. These are highly charged ions with 
strong attractions. Silicon is always surrounded by four oxygen atoms at 
the corners of a tetrahedron, aluminium by six at the corners of an 
octahedron, (like two pyramids joined base to base), or sometimes by 
four like silicon. The framework of the common minerals, the silicates, 
is a kind of fabric of these tetrahedra and octahedra linked by the oxygen 


atoms at their corners. 


Like Patterns of Knitting Stitches 


We may compare these two types to the purl and plain stitches in 
knitting, which in suitable combinations can produce such complex 


patterns on 
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garments. The tetrahedra are the strongest stitches, and it 
can be seen at once that there must be four main types of pattern which 
M ; mp 4 . mare » . {7 ve ye 
can be built with them. They can either be separate, or they can be 
joined corner to corner in a long string, 01 they can be joined by three 


corners to make sheets, or by all corners to make a three-dimensional 


framework (see Figure 2). 


C 


Fig. 2, Schematic representation of the main silicate 
groups. (b) Chains. (ec) Sheets. (d) Three-dimensional frameworks. 


structures. (a) Isolated 


These are precisely the four great families of silicate minerals. The 
first 1s represented by the dense olivines (the jewel peridot is an olivine), 
the second by such fibrous minerals as asbestos, the third by mica and 
the minute spangles which form clay, the last by the felspars of which 


the pink or grey opaque crystals in a granite are an example. 


Compleaity Resolved Into Order 
These minerals, and others like them, are held together by strong 


forces and hence have a high melting point, and they are relatively light ; 
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hence, as the Earth cooled, they came to the top and form the crust 
on which we live. A knowledge of structure has turned complexity into 
order and simplicity. The dynamics of the structures were elucidated by 
the American scientist Linus Pauling but the main story of the silicates 
was worked out in the United Kingdom. 

If the idea of the molecule was found to be inappropriate in inorganic 
compounds, it received ample vindication when organic compounds came 
to be analysed by X-rays. These compounds are for the main part 
composed of carbon, oxygen, nitrogen and hydrogen. The atoms are 
bound together by links which are strong and which are localised, as if 
each atom had places in its surface to which another atom could be 
bolted. The groups of atoms so linked together into a chemical molecule 
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Fig. 3. Naphthalene and anthracene. 
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are bound by comparatively weak forces to neighbouring molecules, 
hence they can be regarded as separate entities in a real molecular sense. 
This is in contrast to the inorganic compounds which form a continuous 
structure of alternating positive and negative ions. 


Rapid Development 

The analysis of organic compounds began with my father’s work on 
naphthalene and anthracene illustrated in Figure 3. Organic chemists 
had shown that the former of these consisted of two benzene rings and 
the latter of three benzene rings fused together. The distance between 
carbon atoms had been ascertained from the structure of diamond. The 
“unit cell’ or box containing each pattern element of a crystal can be 
directly found by X-ray analysis, and my father was able to show that 
the box on the left could just contain two naphthalene molecules, that 
on the right two anthracene molecules, of the form postulated by organic 
chemistry. X-ray analysis of organic compounds developed rapidly after 
this start, at first in the main confirming and making precise the pictures 
of organic molecules deduced by the methods of stereo-chemistry, and 
latterly discovering molecular structures which had hitherto defied 
chemical analysis. In contrast to this start, Figures 4 and 5 show two 


Fig. 4. Penicillin. 
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recent triumphs, the positions of the atoms in the molecules of penicillin 
and vitamin B12, determined by Mrs. Hodgkin, F.R.S., and her colleagues 
by X-ray analysis in her Oxford Laboratory. 
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a S| ay - 9 —& 
| eee? 


(a 


The story of the compounds between metals, or alloys, is very fascinating 
and involves quite new ideas. The basis of Dalton’s atomic hypothesis 
was the law governing the definite proportions in which atoms combine 
to form compounds. This gave rise to the conception of family parties of 
atoms, the molecules, which we have seen to have been misleading in 
morganic compounds but appropriate to organic compounds. In alloys, 
the law of combining proportions no longer holds. When one metal is 
alloyed with another —for instance, zinc with copper —a series of different 
structures is formed, depending upon the proportions of zinc and copper 
in the alloy. Each structure is not characterised, however, by a definite 
ratio of the two elements; on the contrary, it exists over a certain range 
of proportions which is often quite extensive. 


Reason Is Clear 

The reason for this is clear if we consider the peculiar nature of a 
metal. A metal atom is characteristically electropositive, that is to say 
it has one or more electrons which are very easily detached from the 
atom leaving it a positive ion. When metal atoms come together to form 
a metal structure, these loosely-held electrons cease to belong to individual 
atoms and become a continuous electron sea with the positive ions 
embedded in it. The structure is held together by the electrostatic 
attraction between the positive ions and the enveloping negative electron 
sea. There are no bonds between atoms; that is why a metal can be 


distorted without breaking. 


No Law Of Combining Proportions 

The same conception explains the non-existence of a law of combining 
proportions. There is no longer a need to balance the numbers of positive 
and negative atoms as in an inorganic crystal, because each atom brings 
with it its own balancing charge in the electrons it contributes to the 
structure. We may liken it to one of those parties of the type where 
the number and balance of the guests is not of prime importance because 
each brings his own supply of drink. An important factor in determining 
the phase structure is the ratio of the number of electrons to the number 
of atoms. When zine is added to copper, each zinc atom brings two 
electrons with it, while the copper has one, so the electron-atom ratio is 
increased. The phase structure, at first simple, assumes more complex 
forms as the amount of zinc increases. Scientists in many countries 
contributed to this story, but the work on complex alloys by Bradley 
in Manchester, and on the influence of the electron-atom ratio by Hume- 


O Copper @ Zinc 


Fig. 6. Brass, an alloy of copper and zinc. 
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Rothery in Oxford, was outstandingly important. Figure 6 shows an 
example of Bradley’s analysis. 


A Separate Class 


Biological molecules are essentially organic compounds like those 
already described, but they are conveniently considered in a separate 
class because of their size and complexity. The molecule of haemoglobin, 
for instance, which colours our blood red and has the task of conveying 
oxygen from our lungs, which absorb it when we breathe, to the muscles 
and other parts of the body where it is needed, has a molecular weight 
of 68,000 and contains about 12,000 atoms. Protein molecules. of which 
haemoglobin is an example, are for the most part composed of carbon, 
oxygen, nitrogen, and hydrogen, like all organic compounds, and also 
contain a few atoms of special kinds such as sulphur, 

It appears that each type of protein molecule has a specific task to 
perform. It may be quite a simple one, like that of carrying oxygen, but 
the complexity of the molecule may be ascribed to the need to do this 
task at just the right place and in just the right way. We are reminded 
of the contrast between the simple letter delivered at our door, and the 
complex of delivery van and postman, and indead all the organisation 
behind them, to ensure that the letter reaches the right address. 


Carriers Of The Hereditary Factor 

A whole group of proteins called enzymes is concerned with the various 
chemical tasks in our bodies. Another group of biological molecules comes 
under the heading of “nucleic acid’. It appears to be their task to act 
as the templates on which new protein is manufactured, and as the types 
of protein made determine the nature of the organism, they are the 
carriers of the hereditary factor in a parent which decides the nature of 
its offspring. 

The successful application of X-ray analysis to the study of these 
biological molecules is one of the romances of modern science. A vast 
amount of brilliant research on their constitution had been done by 
chemical techniques; the X-ray work is based on this foundation, but it 
has performed its typical function of giving precision to the picture. 
An account of the biological implications of the results is given in another 
article of the present series, so examples will not be given here. I will 
restrict myself to saying how thrilling it has been to see that X-ray 
analysis can be applied to such very complex bodies. 


Protein Structure Analysed 

The leading X-ray group in the country has been the research unit 
directed by Perutz and Kendrew in Cambridge and supported by Britain’s 
Medical Research Council. Their work has resulted in the first successful 
analysis of a protein structure by Kendrew, the myoglobin molecule 
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which acts as a store-house of oxygen in muscle. It would have been 
almost inconceivably difficult to tackle a molecule containing 3,000 atoms 
(myoglobin is about one-quarter the size of haemoglobin) by the X-ray 
techniques which had served for simple molecules. 

Success has been attained owing to a discovery by Perutz that certain 
heavy atoms such as mercury, iodine, or gold, could be chemically attached 
to specific points of each molecule without disturbing the crystal structure. 


A Massive Assault 

It is relatively easy to discover the positions in the structure of these 
heavy marker atoms, which scatter the X-rays far more powerfully than 
the light atoms of the organic complex. By noting the differences which 
they cause to the X-ray diffraction, it is possible to apply an analysis 
which reveals the protein structure. 

It is a massive frontal assault. Vast numbers of measurements have to 
be made, and the results are fed into electronic computers which perform 
in a few seconds calculations which would take as many weeks if done 
by human agency. The results are just now coming off the production 
line, and it is a very exciting time. 

Another extremely important success of the Cambridge unit was the 
establishment of the structure of nucleic acid by Crick and his American 
colleague Watson. This structure, which will also be described elsewhere, 
has suggested a fascinating mechanism for the processes of heredity. 

Why is this so important? It is again a question of the precise picture. 
The functions of these molecules must be dependent upon their geometry. 
They must just so fit each other that the right parts are brought into 
conjunction, and can interact chemically. We may hope to understand 
such processes when we know the structure—we may hope to see how 
the enzymes act, why vitamins are necessary, what hormones do, why 
certain substances are poisonous. As in other and simpler realms of X-ray 
analysis, we can confidently hope that a new flood of light will be cast 
by this new knowledge. 


This article is one of a series specially written by leading 
scientists in Britain to mark the 300th anniversary of 
the Royal Society in July, 1960. The Royal Society—or 
to use its full title, “The Royal Society of London for 
the Promotion of Natural Knowledge’’—received its first 
Charter from King Cuartxs II, who also described 
himself as its founder and patron. . aye 


FEOYISTG'S 


ACCURATE MEASUREMENT OF TIME 
BY 


LOUIS ESSEN, 


a senior scientist at Britain’s National Physical 
Laboratory. He built the first atomic clock using 
caesium atoms at this Laboratory 


(Communicated at the meeting of February 27, 1960) 


Our domestic clocks can be set right to within one second by means 
of the six “pips” broadcast by the British Broadcasting Corporation, and 
more accurate clocks used for scientific purposes can be set to about 
one-hundredth of a second by means of special time signals from the 
Royal Greenwich Observatory. 

The very ease with which clocks can be set in this way may conceal 
the complex processes involved in establishing the accurate time scale 
on which the signals are based. 


The Solar Day 


Any process which is repeated in a regular manner can be used to 
indicate the passage of time, but the regular movements of the bodies 
of the solar system are so inescapably obvious that they have been 
adopted for this purpose from the earliest times until the present day. 
In particular, the rotation of the Earth on its axis gives the solar day, 
which is divided by means of clocks into hours, minutes and seconds. 

Although the solar day which governs our daily routine is such an 
obvious choice as the astronomical unit of time, it possesses two marked 
disadvantages: it is not of equal value throughout the year, and it cannot 
be measured very precisely. 

Anyone who has seen a star moving across the field of a telescope will 
realise how much more precisely the passing of a star can be timed as it 


*) The other articles of this series published by the Royal Netherlands Academy 
of Sciences, appeared in the following journals: this Proceedings, p. 2 10; Proceedings C, 
Biological and Medical Sciences, Vol. LXIII, No. 3, p. 286; Verslag van de Gewone 
Vergadering der Afdeling Natuurkunde, Deel LXIX, No. 2, p. 29. 
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crosses a point vertically overhead; and in practice stellar observations 
are used to determine the sidereal day, which is the time of rotation of 
the Earth relative to the fixed stars. This is then converted, from a 
knowledge of the length of the year, into the mean solar day. 

A number of other corrections for known irregularities of the Earth’s 
rotation are also made, and the clocks which supply the time signals are 
adjusted to keep in time with a hypothetical day based on current and 
past astronomical measurements and corrected to give a unit as nearly 
as possible uniform throughout the year. 

It is important to notice that astronomical time serves two quite 
different purposes —it gives the time of day, which is required for civil 
and some scientific purposes, and also furnishes a scale of time on which 
the duration of events can be measured. It thus supplies the answers to 
the questions ‘‘What time is it?’ and “How long does it take?” Most 
scientific work is concerned with the second question, and modern 
developments, particularly in the field of radio, often require a very 
exact measurement of extremely short events. 


Quartz Clocks 


When we are concerned with short events such as the time of one 
oscillation of a radio wave, it is more convenient to speak of the number 
of times the.event is repeated in a second, that is to say, its frequency. 
The frequency of the transmitter at Droitwich, England, for example, 
is 200,000 cycles per second, and the frequency of television transmitters 
is in the region of 100,000,000 cycles per second, 

Transmitting stations each operate in a narrow band of frequencies 
and, if they are not to interfere, they must keep strictly within this band. 
The accurate measurement and control of frequencies is essential if full 
use is to be made of the radio frequency spectrum available. Frequencies 
cannot be measured easily in terms of pendulum clocks, and a new form 
of clock, the quartz clock, was developed. A common form of this consists 
of a ring of about five centimetres diameter cut from a natural quartz 
erystal, and maintained in vibration by a radio valve at a frequency of 
100,000 eyeles per second. 

The frequency depends mainly on the dimensions of the quartz ring, 
but can be pulled a little by the electrical circuit so as to have exactly 
its nominal value. Radio valves can be used as a reduction gear to give 
an electrical impulse for every 100,000 vibrations, and these “seconds” 
impulses can operate an ordinary clock dial. The quartz clock thus gives 
a time scale which is sub-divided into very small fractions of a second 
and yet can extend for a number of years. This time scale provided by 
quartz clocks and astronomical observations of the stars enables intervals 
of time to be measured with an accuracy of one art in 100,000,000 
(1 x 10-8), 
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The fine sub-divisions of the quartz clock time scale can be displayed 
on the screen of a cathode ray oscilloscope, and the duration of a single 
event can be measured by generating sharp electrical impulses at the 
beginning and end of the event and applying them to the scale on the 
oscillosope. If, however, the event is repetitive, the frequency of repetition 
can be measured more simply and accurately by making fuller use of the 
properties of electronic circuits, which can be made to carry out the 
arithmetical processes of addition, subtraction, multiplication and division 
of frequencies. 

To take a very simple example, suppose the frequency to be measured 
is 99,999 c/s. This frequency is subtracted from the 100,000 ¢/s of the 
standard, leaving a frequency of one c/s, which appears as a variation of 
the electrical current taken by the valve. This slow variation can be timed 
by very simple means with an accuracy of one per cent. The overall 
accuracy of the comparison is thus one-hundredth of a cycle in 100,000 
cycles, that is one part in 10,000,000. 

Elaborations of this simple technique enable any frequency to be 
measured in terms of a standard quartz clock with an accuracy of one 
part in 10,000,000,000. Such a fantastic accuracy is actually required in 
scientific work and also in technical applications. The accuracies required 
in these applications have thus advanced well beyond the accuracy with 
which the astronomical unit of time can be determined. This is not because 
astronomers have not made full use of technical improvements, but 
because of fundamental limitations placed by the solar system itself and 
of gaps in our knowledge of some of the complexities of its movements. 


The Atomic Clock 


Although quartz clocks can be used with the required accuracy, it is 
no longer adequate to calibrate them by means of the rotation of the 
Earth. This difficulty has been overcome by using as a standard of time 
another event which is regularly repeated in nature. This is the radio 
wave generated by an atom when its electron arrangement is changed 
slightly from one stable condition to another. The frequency of the wave 
is defined by one of the most fundamentally important relationships in 
physics and is simply proportional to the difference in the energy of the 
atom in the two states. 

It should be emphasised that we are concerned here only with small 
changes in the atom, and not with the disruption of the central core, with 
resulting radioactive radiation. The changes of energy are minute compared 
with the “atomic energy” liberated when the atom is disrupted. Within 
this range of minute energy changes the larger differences give rise to 
radiation at a high frequency which appears as visible light. 

The sodium lamps used for street lighting represent a practical appli- 
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cation of visible atomic radiation. There is no technique for comparing 
the frequency of this radiation with a quartz clock, and it cannot therefore 
be used as a standard of frequency or time. A smaller difference in energy 
gives rise to radiation at a lower frequency which falls in the range of 
radio waves, and this frequency can be measured by a quartz clock by 
means of the techniques described above. The actual frequency measure- 
ment is not difficult, but there are many practical difficulties arising from 
the weakness of the radiations and from the need to observe them without 
introducing disturbing effects which cause a slight shift of the natural 
atomic frequency. To overcome these difficulties, one of the most advanced 
experimental techniques is used; and of the many atoms or molecules 
which could be used theoretically the caesium atom has proved to be 
the most suitable. 


Magnetic Effects 


Consider the structure of this atom. It consists of a heavy central 
nucleus surrounded by 55 electrons, 54 of which are arranged in stable 
groups with a single electron surrounding them. This outer electron and 
the nucleus itself are spinning, and the spins can be in either the same 
or in opposite directions. The transition from one condition to another 
is accompanied by the emission of a radio wave having, according to 
recent measurements, a frequency of 9,192,631,770 cycles per second. 
This happens to be in the range of frequencies used for radar during 
World War IT, and corresponds to a wavelength of about three centimetres. 
It is a very convenient value from the point of view of electronic circuits. 

In order to understand how the atomic clock works, it is necessary to 
consider also the magnetic effects of the spinning electron. A spinning 
electric charge produces a magnetic field, and the atom therefore behaves 
as a small magnet the polarity of which is reversed when the spin is 
reversed. If, therefore, the atoms are passed through a non-uniform 
magnetic field they will be deflected in opposite directions according to 
which of the two states they are in. 

Atoms in the two states can be separated by the arrangement of 
apparatus shown in Figure 1, all the parts being enclosed in a very high 
vacuum, Atoms leaving the oven travel in straight lines until they are 
deflected by the magnets. Atoms in opposite states are deflected along 
paths such as 1 and 2 and are selected by the central slit. Those selected 
are deflected farther in the same direction, away from the detector. 


An Important Feature 


In the part of the path between the two magnets an alternating field 
is now applied, and when this has the correct strength and frequency 
the atoms in the low energy state absorb energy from the field and jump 
to the high energy state. At the same time those in the high energy state 
ue induced to emit radiation at their natural frequency and jump to the 
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This photograph of the atomic clock shows (centre) the first caesium beam chamber, 


in use since 1955. The long vertical tube behind it houses the new more accurate 
caesium standard. To the left are the electronic circuits associated with the caesium 


standard. In the left foreground is the small self-contained caesium standard. 
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low energy state. Many of the atoms thus change their state and therefore 
the direction of their magnetisation. They are then deflected in the 
opposite direction by the second magnet and reach the detector, where 
they are converted into an electrical current which can be measured 


by well-known techniques. 
Radio 
Oscillator 


Oven Magnet Magnet Detector 
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The important feature of the atomic standard is the extraordinary 
sharpness of this effect: it is only when the frequency of the radio 
oscillator corresponds almost exactly to that of the atoms that transitions 
from one state to the other occur. In practice, the frequency is varied 
slowly and set to give a maximum atomic beam current, and this setting 
can be made with an accuracy of one part in 10,000,000,000. The sharpness 
depends only on the length of time which the atoms spend in the field 
producing the transitions. In the present equipment, which is five feet 
(1.524 m) long, this is rather less than a thousandth of a second. A new 
clock which is being built at the National Physical Laboratory is 17 feet 
(5.182 m) long, and will give a still greater precision. 

When the radio oscillator has been set to the atomic frequency it is 
used to calibrate the quartz clocks, or in sophisticated versions of the 
equipment it can be made to adjust the clocks automatically so that they 
keep in step with the atomic radiation. 


Problem Greatly Simplified 


Thus, instead of making the clocks keep in step with the Earth, which 
turns on its axis once in 86,400 seconds and revolves once round the 
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sun in roughly 30,000,000 seconds, we now make them keep in step with 
the atom which makes roughly 10,000,000,000 vibrations in one second, 
This change enables the unit of time to be defined much more accurately 
and conveniently and also much more quickly, in a few minutes instead 
of a few years. 

The problem of time measurement has thus been greatly simplified. 
When it took at least a year to set the quartz clocks in terms of 
astronomical time, it was necessary to keep these clocks operating under 
very stable uniform conditions for periods of years. Elaborate precautions 
had to be taken to ensure this continuity of operation, safeguards being 
incorporated for such emergencies as the failure of the electrical supplies. 
It had to be assumed, morevoer, that the clock continued to gain or lose 
by the amount indicated by earlier measurements; and as it is known 
that even the best quartz clocks are subject to erratic changes, it was 
customary to employ a number of clocks at each installation. The atomic 
clock enables the quartz clock to be calibrated or directly controlled in 
a few minutes, and there is no longer any need for continuity except over 
the time interval being measured. For most purposes this is relatively 
short, and it is only long in astronomical work such as the measurement 
of the time of rotation of the earth in terms of atomic time. (Figure 2). 

The standard of time differs from those of length and mass in one 
important respect: it can, as explained at the beginning of this article, 
be made available over wide areas by means of radio time signals. In 
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exactly the same way standard frequencies can be made available by 
controlling the frequency of the transmitter. Thus Droitwich, which has 
the convenient round number value of 200 ke/s, is often used for this 
purpose, and in addition, for more accurate work, a special service of 
transmissions with the call sign MSF is sent from the Rugby, England, 
station by the Post Office on behalf of Britain’s National Physical 
Laboratory. These operate on frequencies of 60 ke/s, 2.5 Me/s, 5 Mc/s 
and 10 Me/s, and since 1955 they have been measured in terms of the 
caesium atomic standard. 


In Many Countries 


In this way the great accuracy of this standard has been used for 
precise time measurements in many different countries. One use of the 
transmissions has been to compare the frequencies of the atomic standards 
in the United Kingdom with those in the United States of America, 
Canada and Switzerland. The very close agreement between them, in 
spite of the fact that they have been made quite independently and have 
many differences in detail, gives strong justification for the use of the 
caesium resonance as a standard. 

The thoughtful person will still ask how we know that the atomic 
frequency is constant. How do we know that it is the speed of the rotation 
of the Earth, and not the atomic frequency, which has changed slightly 
during the last few years? The answer is that there is at present no 
theoretical reason by which a change in the atomic frequency could be 
explained, and all experiments that have been made have failed to reveal 
any change. 

On the other hand, there are a number of possible explanations for a 
small change in the period of rotation of the Karth. As with all standards 
of measurement, there is no means of knowing positively that it is constant. 
It is simply the most constant thing we know of, and if anything better 
is found then that will become the new standard. 
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SILICON TETRACHLORIDE-TREATED PAPER IN THE PAPER 
CHROMATOGRAPHY OF PHOSPHATIDES 
Ila. MECHANISM OF THE CHROMATOGRAPHY OF EGG PHOSPHATIDES 
BY 


H. G. BUNGENBERG DE JONG anp J. To. HOOGEVEEN 


(Communicated at the meeting of December 19, 1959) 


1. Introduction 

In part I of this series we have dealt with the preparation of ‘“‘acid”’ 
and “neutralized SiCly-treated paper”, properties of these papers, and 
an example of their use in following a fractionation of a phosphatide 
mixture [1]. In the present paper we shall first deal with the chromato- 
graphy on SiCl,-treated paper of a single phosphatide (sections 3-8), for 
which we have chosen lecithin (phosphatidyl choline) !). Subsequently 
the chromatography of a mixture of phosphatides (egg phosphatides) 
will be examined, 


2. Methods 

In the present study we use exclusively Schleicher and Schull paper no 2043), 
17 x 27 em, and follow the directions given in Part I for their preparation with 
SiCly [1]. By means of a self-fillmg capillary pipette (of about 5 mm capacity) 
the lecithin solution is brought up on the starting points. Chromatography is per- 
formed with di-isobutylketone—acetic acid—He2O (50:25:5 by volume) in a dark 
room at constant temperature (20°), with the large slitfeeding apparatus described 
in a former communication [2]. After drying, the chromatogram is stained with the 
Acid Fuchsin—UO2(NOs3)2— 0.01 N HCl staining solution described in former com- 
munications [3], [4]. After drying once more the spots are outlined with a pencil. 


3. Haperiments in which 0.12 % lecithin spots are applied at increasing 
distances from the slit 

In these experiments nine 0,12 % spots (5 mm3) were applied on a 
line drawn from a point on the lower end of the paper sheet, 10 mm 
from the left hand boundary, to a point 20 em above the lower end and 
10 mm to the left of the right hand boundary. The first and ninth spot 
lie 25 mm from the left and right hand sides of the paper, while the 
mutual distance of the spots (in horizontal direction) is 15 mm. 5 mm of 
the sheet dips through the slit in the feeding tube. Thus the distance 
of the first spot to the slit is 1.5 em, of the ninth spot 17.5 em, while the 
distance between spots is 2 em measured in the vertical direction. The 


) We thank Dr. G. J. M. Hooguwiyxet for putting a solution of pure lecithin 
(column fraction) dissolved in chloroform-methanol (4:1) to our disposal. 
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front was allowed to ascend to a line drawn on the paper 20 cm from 
the lower margin, or 19.5 cm from the immersion line. 

In total four such chromatograms were made, namely with acid 
SiCly-treated paper of different ages (fig. 1 and 2) and with neutralized 
SiCly-treated paper of different ages (fig. 3 and 4). Fig. 1-4 have in common 
that the transported spots do not lie on a straight line through the 
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intersection point of the frontline with the line through the starting 
points (compare for instance the broken line drawn in fig. 1). Any straight 
line through this intersection point, between frontline and the line through 
the starting points, represents a definite Ry-value. It should be evident 
that Ry-values (which are constant in the case of ideal partition chromato- 
graphy) are in our case not at all constant. 
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Figs. 5-8. Rr and Ry, as a function of 100 (calculated from the chromatograms 
i 


of figs. 1-4). 


The fact that the curves through the transported spots approximate 
a horizontal level on the left side of the paper indicates that the position 
of the transported spots becomes more and more independent of the 
position of the starting point, the lower the latter is situated. 

Table I and fig. 5-8 illustrate the above statements. The symbols 
used have the following meaning. 
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CRPa ast distance of spot to starting line 1) 
ft distance of front to starting point 
“Re? = ai distance of spot to immersion line 
u fj distance of front to immersion line 
st : 
no St — ee Wade ; ; ae : 
100 f, distance starting point immersion line as a percentage of the 


distance front-immersion line. 


TABLE I 
“Rr” and “Ri” as a function of 100 St 
i 
Lo 2 ee eee eee ee 
Spot number, reckoned from left to right 


FIG : pas 
no | no 2 OMe no 4 no 5 no 6 
ee ee ee eee Se ee 
1 0.42 0.34 0.27 0.21 0.15 0.11 
OR,” 2 0.49 0.44 0.35 0.27 0.19 0.14 
3} 0.43 0.38 0.31 0.25 0.20 0.17 
4 0.41 0.34 0.28 Open 0.16 O.11 
1 0.46 0.46 0.48 0.52 0.57 0.64 
CR.” 2, 0.53 0.54 0.53 0.55 0.58 0.65 
: 3 0.48 0.49 0.51 0.54 0.59 0.66 
4 0.46 0.46 0.48 0.51 0.57 0.63 
sti 
Mes 8 18 28 38 49 59 


Inspecting the first four rows of the Table we see clearly that a 
characterisation of chromatographic displacement by an “‘R,;”’ value 
would be quite inadequate. On each row this value decreases rapidly 
with increasing distance of the starting point from the immersion line. 

However, as rows 5-8 of the Table may show, the value of “Ry”. is 
within the experimental error the same for the first, the second and 
practically for the third starting point. The location of the starting point 
has become unimportant here. For higher starting points the value of 


“Ry,” increases. As can be seen from the definition of “Ry,” given above, 


sti ; ° 
its value must reach the value 1.00 (at 100 = 100) when the starting 


point lies at the front itself. From the definitions given of “Ry” and 
- stj c 
“Re,” it also follows that both will be equal when 1007 —=0, that is, 


when the starting point coincides with the immersion line. The “Ry” 
curves in fig. 5-8 therefore start where the horizontal part of the “Ri,” 
curves intersect the ordinate. To calculate “Ry” values for the 7th, 8th 
and 9th spot would be useless as the displacements of the spots are too 
small here to be measured with any accuracy. The further course of the 
Ry curves to the right therefore remains unknown. 

Figures 5-8 demonstrate that “Ry’’-values nowhere approach a constant 


1) It would perhaps be better to use here the symbol “Rr,,‘“, rather than Rr. 
The suffix st indicates that distances are reckoned from the starting point. 


value, but that “Ry,” is practically constant when the front has passed 
sufficiently high above the starting point. 

The results suggest that a gradient is present in the composition of 
the mobile phase on the paper. The horizontal part of the “Ry,” curve 
may denote a particular composition of the mobile phase at which the 
upward migration of lecithin reaches its maximum velocity, relative to 


the velocity of the front. 


4. The occurrence of a gradient in the mobile phase wetting the paper 
In the next following communication this subject will be studied 
in detail. For the time being it will suffice to demonstrate the existence 
of a gradient in a single case. In the example given below a sheet 
(17x27 cm) of “acid’’-SiCly-treated Schleicher and Schill no. 2043) 
was used. The sheet had been in air for 163 hrs., a period sufficient to 
ensure that all HCl formed during preparation has left the paper. The 
immersion line, and parallel to it lines 4.5; 9; 13.5; 18 and 22.5 em above 
the immersion line were drawn on the paper beforehand. In the large 
slitfeeding apparatus this sheet was run with the customary mobile 
phase until the front reached the line drawn at 22.5 em above the 
immersion line. The sheet was taken out of the apparatus and was cut 
into five strips along the pencil lines. As the strips were cut they were 
allowed to drop into wide flasks, each containing 50 mil. of distilled water. 
The weight of these flasks with their stoppers should be known beforehand. 
All these manipulations were accomplished in as short a time as possible. 
(20 seconds) to prevent evaporation losses. The flasks were now weighed 
so that the weight of the wetted strips became known. Extraction of the 
strips was accomplished by standing overnight. Two aliquots of 20 ml. 
of the extract were titrated with NaOH. We calculated the weight of 
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Fig. 9. Gradient in the mobile phase wetting the paper (variation of weight 
percentage of acetic acid in the mobile phase). Abscissa: Percentages of the 
distance between front (fr) and immersion line (i). 
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acetic acid originally present in each strip. The strips themselves were 
then dried. The difference in weight of the wetted and dry strip gave us 
the weight of the mobile phase present in each strip. We finally calculated 
the mean acetic acid content in weight per cent of the mobile phase in 
each of the five strips. The results are given in fig. 9. We observe that 
the mean acetic acid concentration in the mobile phase diminishes 
distinetly when we move upwards in the paper, from 35.5 % in the lowest 
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of different age (fig. 12 = 4 hour; fig. 13 = 44 hours) has been used. 
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strip, to 18.4 % in the highest strip. The gradient in the paper is given 
approximately by the broken curve. 


5. Influence of the concentration of the lecithin solution applied on the 
starting line 
a) Qualitative results 


In these experiments the same pure lecithin fraction was used as in 
section 3. Various dilutions of the stock solution were made with 
CHCls-methanol (80:20) ranging from 4.9 to 0.061 %. As always, 5 mm% 
solution was applied on the paper, so the amount of lecithin varied from 
245y to 3y. 

The starting line was drawn 2.5 cm above the immersion line and the 
front was allowed to ascend 17.5cm above the immersion line. Four kinds 
of paper were used, namely neutralized SiCl-treated paper of different 
age (fig. 10 and 11) and acid SiCl,-treated paper of different age (fig. 12 
and 13). The chromatograms have in common that with increasing 
amounts of lecithin applied on the paper, 

a) the area of the transported spot increases considerably, 

b) the lower margin of the spots in each figure lie on a nearly horizontal 
line, 

c) the gain in area of the spot is due to some broadening but mainly 
to increase in length in upward direction, whereby the spots acquire 
a roughly triangular shape. With very large amounts of lecithin the 
top of the triangle becomes definitely rounded (see left spot on fig. 11), 

d) small spots are evenly stained, with the same intensity as the lower 
part of the triangular spots. In the latter the colour intensity increases 
in upward direction, the more so as the total length of the triangular 
spot increases. 

A discussion of points a—d, together with the results mentioned in the 
next paragraph will follow in section 6. 

The small spots appearing below the lecithin spots to the left of the 
chromatograms in fig. 12 and 13 are discussed in paragraph ec. 


b) Spot area as a function of the lecithin concentration 
in the solution applied on the starting line 


With a planimeter the areas of the spots were measured on the 
chromatograms given in the figures 10-13. The results have been given 
in Table IT. In column 6 the mean area of the spots has been given. By 
taking the mean areas, the errors made in outlining the spots and in 
measuring the area are minimized. The logarithm of the mean area is 
plotted in fig. 14 against the logarithm of the lecithin concentration of the 
solution applied on the starting line. 

It appears that the points approximate a straight line drawn at a slope 
of 0.65. Since this slope is about 2/3, the area of the spot appears to 
Increase with roughly the 2/3 power of the amount of lecithin applied. 
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Fig. 14. Double-logarithmie plot of spot area in relation to lecithin concentration 
applied. 


TABLE II 


Spot area (cm?) as a function of lecithin-concentration 


lecycone. 9% fig. 10 fig. 11 fig. 12 fig. 13 mean area 
0.061 0.61 0.57 0.53 0.42 0.58 
0.123 0.89 0.99 0.92 0.78 0.90 
0.245 1.58 = 1.55 rou 1.48 
0.49 2.41 2.07 197 Or 2.03 
0.98 Seilie 3.29 3.19 Dai 3.26 
1.96 0.75 5.05 4.83 4.36 5.00 
2.94 7.07 6.18 6.65 5.42 6.33 
4.9 = 7.68 — — = 
nature of neutr. neutr. acid acid — 
paper and age 2 days 72 days 4 hr. 44 hrs. — 


c) Decomposition (slight) of lecithin on acid SiCl-treated paper 

On the figs. 12 and 13, where acid papers have been used, below the lecithin spot 
a small spot may be observed at the highest concentrations of the lecithin. This 
small spot is not observed on the figs. 10 and 11 which refer to neutralized papers. 
Since these spots are stained with Acid Fuchsin-UO2(NOs)2 they correspond 
to a phosphatide containing one positively charged froup and one negatively 
charged group [3, 4]. This phosphatide must have been formed from the lecithin 
by the HCl present in the paper. From the distance between the base of the lecithin 
spots and these small spots, it seems likely that some lysolecithin has been formed. 

The HCl contents of the paper diminishes in air, so it is to be expected that in 
fig. 12 (spots applied + hour and chromatography begun } hour after preparation 
of paper) more lyso-lecithin is formed than in fig. 13 (chromatography 44 hours 
after preparation of paper). This is confirmed by the fact the in fig. 12 a spot is 
visible at 2.94, 1.96 and 0.98 % lecithin, whereas in fig. 13 the spot at 2.94 % is 
not very pronounced and that at 1.96 % is only faintly discernible. 

A comparison of the area and intensity of staining of the lysolecithin spot at 
2.94 % lecithin with the lecithin spot at 0.061 % indicates that during the total 
time of contact of the lecithin with the paper (about 3 hrs.) in fig. 12 about 2% 
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and in fig. 13 about 1 % of the lecithin present has been converted to lysolecithin. 

In the figures 1 and 2, also referring to acid SiCly-treated papers below the lecithin 
spots no other spots are visible. This is understandable, since here a very dilute 
lecithin solution (0.12°%) was applied. The lysolecithin spots would here correspond 
to a concentration in the-order of 0.002 % or less, far below the linit of visible 
staining of lecithin, which lies between 0.03 and 0.01 % [4]. 

When acid papers are used for the separation of a phosphatide mixture these 
results should be taken into account. When the total lecithin concentration is 
relatively high, a faint spot of lysolecithin does not allow the conclusion that lyso- 
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lecithin was present originally. A second chromatogram should be run on neutralized 
paper. When no lysolecithin spot is obtained here, the spot on the acid paper was 
probably due to hydrolysis. We may expect that on acid paper a similar decompo- 
sition of cephalin occurs; again we should compare chromatograms on acid and on 
neutralized paper. 


d) Change in chromatographic properties of SiCl-treated papers 


The chromatograms figs. 1, 2, 12 and 13 have been run on acid SiCly-treated 
papers which belong to one batch. 

Therefore they are really comparable and conclusions may be drawn about the 
effects of ageing. Comparing fig. 1 and fig. 2, it appears that the horizontal level 
reached on the left side of the chromatogram is situated higher after 47 hours 
than after 4 hours. A comparison of fig. 12 and fig. 13 yields the same conclusion, 
since the horizontal line corresponding to the base of the spots lies higher on a 
chromatogram made 44 hours after instead of } hour after the SiCly treatment. 
Change of acid SiCly-treated paper is probably due to a gradual loss of HCl from 
the paper (compare section 4 in Part I of this series [1]). The question whether 
neutralized SiCly-treated paper also changes over time cannot be answered from 
our experiments regarding horizontal levels (fig. 3 and fig. 4) and base lines (figs. 10 
and 11). The reason is that the neutralized papers represented in fig. 3 and fig. 10 
belong to one batch and those in fig. 4 and fig. 11 belong to another. From other 
experiments we have the impression that rapid changes, as they occur in acid 
papers, do not occur in neutralized papers. 


6. Mechanism of the chromatographic displacement of lecithin 


The results in section 3 indicate that a gradient in the composition 
of the mobile phase wetting the paper may play an important role. The 
occurrence of a gradient has been demonstrated in section 4. 

When one tries to obtain a chromatogram with di-isobutylketone alone 
as the mobile phase, lecithin practically does not move from the starting 
spot. With acetic acid alone lecithin moves practically with the front. 
These observations permit two alternative hypotheses regarding the 
mechanism of chromatographic displacement. The possible mechanisms 
are: 

1) partition chromatography, with an R-value which is very small with 
di-isobutylketone, and equal to unity with acetic acid. 

2) adsorption chromatography, in which lecithin is not eluted by 
di-isobutylketone and completely by acetic acid. } 

The chromatography of lecithin with our mobile phase (with di- 
isobutylketone and acetic acid as main constituents) does not have the 
characteristics of partition chromatography, but must be interpreted as 
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a kind of adsorption chromatography in which a gradient in the composition 
of the mobile phase plays an essential part. The results both of section 3 
and section 5 are in accordance with this hypothesis. 

There will be a characteristic composition in the gradient at which 
lecithin is eluted with a maximal rate. In upward direction the acetic 
acid / di-isobutylketone ratio decreases, as a result of which the elution rate 
becomes ever smaller. This explains why in the figures 1-4 (section 3) 
the spots lie on a curve which tends to reach a horizontal level to the 
left, indicating that particular composition within the gradient at which 
the elution rate is maximal. 

If we were concerned here with adsorption chromatography, without 
a gradient in the mobile phase, the lecithin spots would show tailing in 
downward direction, while the concentration of lecithin in the spot would 
be highest near the top of the spot. The presence of a gradient will have 
two effects: 

A) The spot is continually eluted at its base (because the elution rate 
here becomes a maximum). 

B) The eluted lecithin moves upward and is adsorbed higher up in the 
spot. But because in upward direction the elution rate strongly 
diminishes, the concentration of lecithin will increase more strongly 
in upward direction than when no gradient was present. 

Point A) is in good agreement with our observation that whatever the 
amount of lecithin applied, the lower margin of the transported spots 
will always lie on the same horizontal level. (see point b, section 5, 
paragraph a). 

Point B) is in agreement with the fact that the colour intensity of the 
spot increases in upward direction, the more so as the total length of the 
triangular spot increases (point d, section 5, paragraph a). The remaining 
points in section 5) paragraph a) are easily explained. If it is true that 
we are concerned with adsorption chromatography, a larger amount of 
lecithin must necessarily lead to an increase of the spot in area (point a). 
The characteristic triangular shape (point c) results partly from point A 
(nearly flat base) partly from the fact that the starting spots are circular 
in shape. As the mobile phase, moving vertically through the centre of 
the spot, transports a maximum amount of lecithin, the migrated spots 
must necessarily have a peak (provided the amount of lecithin applied 
is large enough). 

The spot areas increase less than proportionally with the amount of 
lecithin applied. (Section 5, paragraph 6). This follows from the fact that 
in a large spot the lecithin concentration at the top is higher than in a 


small spot. 


7. Influence of the ascension height of the front 


In this section a number of chromatograms will be run in the same 
apparatus (the large slit-feeding apparatus) one after the other, and 
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allowing the mobile phase to ascend to increasing heights. As freshly 
prepared acid SiCly-treated paper changes its chromatographic properties 
markedly over the period of the experiment (one workday) neutralized 
SiCly-treated paper was used instead. Five sheets of one batch, each 
provided with nine starting points on an oblique line, were run the day 
after their preparation. The front ascended 4.5, 9.5, 14.5, 19.5, and 
24.5 em above the immersion line. 

The chromatograms obtained are reproduced in the figures 15-19, 


Fig. 15 Fig. 16 


Figs. 15-16. Chromatograms of lecithin on neutralized SiCly-treated paper, with 

nine starting points on sloping lines. On each, starting point 5 mm af a 0.11% 

lecithin solution has been applied. The front has risen approximately 4.5 and 
9.5 em above the immersion line. 


which are quite similar to the figures 1-4. Figure 15 shows that the 
mechanism whereby the spots reach a _ practically horizontal level 
(‘asymptote’) on the left side of the chromatograms is already effective 
at the beginning of the ascension of the mobile phase in the paper. For 
each of the chromatograms, graphs could be obtained in which ‘Ry’ 


and ‘Ry,’ are plotted as a function of 100, and these graphs would 
be similar to those of the figures 5-8. Attention should, however. be 
drawn to the effect of the ascension height of the front. 


In fig. 20 we have plotted for the first four spots of each chromatogram, 
ast = distance “centre” of the spot to starting point, against fi = distance 
of front to starting point. 

We observe that 
1) for each starting point a separate curve results, 

2) no curve goes through the origin, 
3) excepting the curve corresponding to spot no. 1, none of the curves 
is a straight line. 

If the Rr-value was an adequate expression to characterize the 
chromatographic displacement of lecithin on SiCly-treated paper we should 
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ig. 20. a, plotted against f,,, for the spots no 1 (left) to no 4 on the chromato- 


grams figs. 15-19. 


TABLE IIT 


“Re” calculated for the spots migrated from starting points no 1 (left)—4 


“Ree 
Chromatogram calculated from spot centre) 
af ( 7 a = = 
a no 1 no 2 no 3 no 4 
Lb Yoo 0.24 0.16 0.11 
16 0.41 0.35 0.26 0.20 
17 0.43 Osi 0.30 0.22 
18 0.46 0.40 0.31 0.25 
19 0.46 0.38 0.30 0.24 

TABLE IV 


“Ry” calculated for the spots migrated from starting points no 1 (left)—4 


2 “Rr? “Rey,” 

leak A as (caleulated from spot centre) (caleulated from spot base) 
gure - 

no | no 2 no 3 no 4 no | no 2 no 3 no 4 

15 0.56 0.54 0.58 0.60 0.47 0.48 0.48 0.54 

16 0.51 0.51 0.52 0.55 0.46 0.47 0.47 0.55 

17 0.50 0.50 0.51 0.54 0.47 0.47 0.49 0.52 

18 0.508 0.50 0.50° 0.54 0.48 0.48 0.48 0.52 


19 0.48 0.48 0.49 0.49 0.46 0.47 0.47 0.50 


241 
TABLE V 


Distance from immersion line to horizontal line through basis of the two left 
spots (“asymptote”) and to the front (‘‘front’’) 


a ee 


Chromatogram ‘“‘asymptote”’ etre @ Taras Ascension fy 

ss , A = anf 2 : / 

figure in m.m. TA STARE Ri, = ai/fi time in fi/Vt 
minutes 


15 eS, 45.5 0.47 12 ypu 

16 44 94 0.47 45 14.0 

17 68 144 0.47 99 14.5 

18 94 194 0.48 181 14.4 

19 113 243 0.47 290 14,3 
mean 0.47 mean 14.1 


find for the four starting points one and the same straight line through 
the origin. The slope of this line would be equal to Re. 

Figure 20, and also the “‘R;” values in the columns 2-5 of Table III, 
lead to the same conclusion as section 3, namely that we are far from 
the conditions of partition chromatography. 

The columns 2-5 of Table IV give “‘R;,’ values (as defined in section 3). 
measured from the “centre” of the spots. Excluding a chromatogram 
with a very small ascension height of the front (fig. 15; fj=4.5 cm), 
the values of “Ry,” for the first three spots are quite close. 

The spots on the chromatograms fig. 15-19 are not round but triangular. 
The location of the base of a spot is in these cases characteristic, while 
that of the ‘‘centre” is not. (See sections 5 and 6). It is better therefore 
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Fig. 21. ‘‘Asymptote” (ai) asa function of ‘‘front’’ (fi). 
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to calculate ‘Ry,’ values from spot-bases (a, then is taken the distance 
spot base to immersion line). This has been done in the columns 6—9 of 
the Table IV. The “Ry,” values for the starting points nos. 1 and 2 (and 
even for starting point no. 3 approximately) are now constant within 
experimental errors. This includes the chromatogram with the very low 
ascension height (fig. 15). Thus on all five chromatograms the spots which 
migrated from starting points nos. | and 2 lie practically on the asymptote. 
The mean distances from spot base to immersion line, and the mean 
distances front-immersion line, are given in Table V in the columns 
“asymptote” and “front” respectively. They have been plotted in fig. 21 
and appear to lie reasonably well on a straight line. The slope of this 
line is Ry, (without quotation marks) which quantity is to be defined 
as follows 

aj _ distance asymptote to immersion line 

if, distance front to immersion line 


In a given apparatus (here the large slit-feeding apparatus) Ry, is a 
characteristic constant for the chromatography of lecithin on neutralized 
SiCly-treated paper. The last column of the table shows that the ascension 
height of the front is proportional to the square root of time. 

The results in this section (the fact that Ry, is independent of front- 
height) mean that the composition of the mobile phase at which the 
elution of lecithin occurs with maximum velocity lies always at the same 
fraction of the ascension height above the immersion line. 


8. Comparison with the chromatography of lecithin on untreated paper 


In a former communication similar experiments as in the preceding section were 
reported, with the difference that untreated Schleicher and Schiill 2043) was used 
[5]. The results were similar to those obtained in fig. 21 with neutralized 
SiCly-treated paper, a; being proportional to fj, but the slope of the straight line 
through the origin is somewhat higher (Rr = 0.65). 

The similarities and differences in the chromatography with untreated and 
SiCl4-treated papers still await further investigation. In one of the following communi- 
cations of this series experimental evidence will be brought forward to demonstrate 
the existence of a gradient in untreated paper too. The question will be discussed 
whether or not this gradient is equal in the two cases. 


(To be continued ) 


BIOCHEMISTRY 


SILICON TETRACHLORIDE-TREATED PAPER IN THE PAPER 
CHROMATOGRAPHY OF PHOSPHATIDES 
Is. MECHANISM OF THE CHROMATOGRAPHY OF EGG PHOSPHATIDES 
BY 


H. G. BUNGENBERG DE JONG anv J. To. HOOGEVEEN 


(Communicated at the meeting of December 19, 1959) 


9. Chromatography of a mixture of lecithin, lysolecithin and sphingomyelin 
on SiCl,-treated paper. Influence of the total concentration 

a) Discussion of the chromatograms 

Having studied in the preceding sections the chromatography of one 
single phosphatide (lecithin), we now proceed in this and the next sections 
with the chromatography of mixtures of phosphatides. The aim is to 
see whether the characteristics found with lecithin also apply to other 
phosphatides and in how far complications arise by the mutual inter- 
ference of spots. 


In the present section we start from the same stock solution of 
lecithin (L)+lysolecithin (LL)+sphingomyeline (8S) as used in Part I 
of this series!). The concentrations of the components in the mixture 
are not exactly known, but it is certain that they are distinctly different, 
namely L>LL=S. By dilution with the solvent (chloroform : methanol = 
80:20) solutions were made ranging from 0.25 % to 2 % total concen- 
tration. 

We proceeded in the same way as in section 5, and obtained the 
chromatograms given in figs. 22-24. If these chromatograms are compared 
with the analogous chromatograms on which only lecithin was applied 
(figs. 10-11) we observe for each row of spots in principle the same con- 
sequences of the increase in concentration. A new phenomenon, not 
evident in figs. 10-11, is the appearance of an incision in the base of 
the spot. This incision is never present at the base of the lower row of 
spots, which belong to lysolecithin. 

Thus lysolecithin behaves in all points a~-d summed up in section 5, 
paragraph a, as lecithin when present alone on the paper. The mechanism 


1) We thank Dr. G. J. M. HooGHwryxet for putting to our disposal this stock 
solution. It has been made by column chromatography (crude separation of total 
egg-phosphatides with an aluminum oxyde column and thereafter separation with 
a silicic-acid column). Some fractions of the silicic-acid column were mixed; only 
lecithin, lysolecithin and sphingomyelin are present in the mixture. After evapo- 
ration it was dissolved in CHCls-methanol (80:20). 


244 


‘poydde useq sey oim4xiar sdUedesod 
%G 0 oy} JO guaut ¢ Y FY “pasn uweeq sey (soy gp = FZ “SY pure sinoy 7 = ¢g ‘sy ‘skep F = ZZ BY) ese JuoLETIp 
Jo (FZ puw gz ‘sdy) saoded poyzwosaz-"HIg plow pue (zz “Fy) soded poyzwoay-[OIg poezyeameN *(% ut) UoTRAyUVDUOD [e404 
ey} Jo sousnyuy “(§) UleXumosuryds pue (YT) uryyooposdT ‘(rJ7) UTYQIOe, Jo ounyxiur vB Jo AydeaZoyeuosry) “FZ-ZZ “SBLT 


ZS BI 


245 


of the chromatography of lysolecithin is thus the same as was discussed 
for lecithin in section 6 (adsorption chromatography in combination with 
gradient elution). The difference is only that the particular composition 
of the mobile phase necessary to reach the maximum elution rate for 
lysolecithin is found at another point of the gradient, lower on the paper. 

The spots higher up in the figs. 22-24 have a flat or rounded base 
only at low total phosphatide concentration, at higher concentrations 
(from 1 % on in fig. 23 and 24 and already from + %, on in fig. 22) the 
base of the spots shows an incision. As the incision has about the shape 
of the top of the spot below it, one must assume that at a certain stage 
of the chromatography the spots must have made contact but are now 
drifting apart. This is supported by the fact that at high total phosphatide 
concentration this contact is still present. Compare in figs. 22-24 the 
lower and middle spot at 2 % total concentration. 

The above can also be explained in terms of adsorption chromatography 
combined with gradient elution (section 6). There is no reason for the 
lower row of spots (lysolecithin) to show incisions because there are no 
other spots below it. Thus these spots have a more or less flat base and 
the increase in area with increase of the concentration takes place in 
upward direction. When its top meets the base of the middle spot, 
lysolecithin (which here is strongly adsorbed) displaces the phosphatide 
of the middle spot (which at the base is relatively weakly adsorbed). 
The top of the middle spot in the same way displaces the phosphatide 
at the base of the upper spot. As the displacements are necessarily the 
least at the left and right of the base, the two rounded off lobes at either 
side of the incision will be displaced least and thus will tend to remain 
on one horizontal line. We see that this line for the upper spots goes 
through the second reference spot (second from above) and thus the 
upper spots belong to lecithin. Similarly the corresponding line for the 
middle spots goes through the third reference spot and thus represents 


sphingomyeline. 


b) Dependence of the area of the spots on the total 
phosphatide concentration 
We have argued in section 6 that the area of the lecithin spot should 
increase with a power lower than one when the lecithin concentration is 
increased. This expectation fits in with the results mentioned in section 5. 
One should expect that the same will hold for each of the spots of 


1) In fig. 23 the base of the lower spots lie on a line slightly sloping upwards to 
the left. But it is seen that the line connecting the lower spot of the reference mixture 
also shows the same sloping upwards to the the left. As all four spots of the reference 
mixture lie higher at the left of the chromatogram than at the right, the cause of 
this phenomenon does not reside with our mixture of three phosphatides. During 


its rise the front remained horizontal. A possible cause might be an occasionally 


occuring temperature gradient in the dark room. The complication shown in fig. 23 is 


rare, since the lines connecting the reference spots as a rule proceed nearly horizontally. 
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a phosphatide mixture, at least when the spots are sufficiently free. 

We have measured with a planimeter the spots in the figs. 22, 23 and 24 
and have given the results in Table VI. We are of course interested whether 
we find here the same simple relation (log area as a linear function of log 
concentration) as was found for lecithin in section 5. When in the case 
of fig. 22 the logarithm of the area is plotted against the logarithm of 
the total concentration it is seen that here irregularities are present (for 
instance the area of lecithin at 0.5 %, lies far too high). As in this figure 
we have only 4 concentrations one of which cannot be trusted, we shall 
not take the mean of the figs. 22, 23 and 24. Therefore we shall only 
consider the mean areas of the figs. 23 and 24, in each of which figures 5 
total concentrations are represented. 


TABLE VI 


Spot area (em2) of lecithin, sphingomyelin and lysolecithin in dependence on total 
phosphatide concentration 


Total Spot area Slope of 
pom off cas ; Mean area of regression 
0 figs. 23 and 24 line in 
2 fig. 22 fie, 23 fig. 24 fig. 25 
0.25 -- 0.92 0.68 0.80 
0.5 2.03 1.38 1.25 1.315 
Lecithin l ag LF 2.03 177 1.90 0,63 
1.5 3.58 2.75 2.28 2.515 
2 3.94 3.2] 2.87 3.04 
0.25 -—— 0.21 0.17 0.19 
0.5 0.50 0.30 0.22 0.26 
Sphingomyelin 1 0.55 0.39 0.50 0.44° 0,63 
1:5 0.69 0.58 0.50 0.54 
2Z 0.88 0.63 0.77 0.70 
i ae ed i 
0.25 0.36 0.32 0.34 
0.5 0.79 0.61 0.59 0.60 
Lysolecithin | 1.15 0.90 0.75 0.825 0,62 
1.5 1.54 1.03 1.11 1.07 
2 1.84 1.24 1.33 1,285 
2 a 
nature of paper neutr. acid acid 
and age 4 days 4hrs. 48 hrs. 


The mean areas are given in column 6. The logarithms of the mean 
areas have been plotted in fig. 25 against the logarithm of the total 
phosphatide concentration. The straight lines through the points are the 
calculated regression lines. They appear to have nearly the same slopes 
see column 7. We find thus a similar behaviour for the three phoeplistidis 
of our mixture. As these slopes (0.63; 0.63: 0.62) are smaller than unity, 
the areas of the spots of all three components of the phosphatide mixture 
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Increase less than proportional with the applied amounts. This shows 
that partition chromatography does not apply here. The results are 
precisely what is to be expected when we have adsorption chromatography 
operated by gradient elution (see section 6). That the slopes found here 
are very near to those in the case when lecithin is present alone (0.65: 
see fig. 14), shows that at the close of the chromatography no great 
disturbances have persisted resulting from displacement effects es the 
early stages. 
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Fig. 25. Dependence of the logarithm of the mean spot areas, from figs. 23 and 
24, on the logarithm of the total concentration of the phosphatide mixture. 


10. Chromatography of a mixture of cephalin, lecithin, their lysoproducts 
and sphingomyelin. Influence of the total concentration 


a) Discussion of the chromatograms 

The mixture of the five above mentioned phosphatides, which at 0.5 % 
total concentration in preceding sections served as “reference mixture”, 
was used here as 3.5; 3; 2.5; 2; 1.5; 1 and 0.5 % solution in chloroform- 
methanol (80:20). We proceeded in the same manner as in section 9 and 
obtained the chromatograms given in fig. 26 (neutralized SiCl,-treated 
paper, 3 days old) and in figs. 27 and 28 (acid SiCly-treated papers, 3 and 
32 hrs. old respectively). Though five components are present we obtained 
only four spots, because the lysocephalin and sphingomyelin spots 
coincided. (See Part I of this series). The sequence of the spots reckoned 
from upper to lower is cephalin(C)—lecithin(L)—lysocephalin + sphin- 
gomyelin(LC-+8)—lysolecithin(LL). The results are analogous to those 
in section 9, in which a mixture of L, S and LL was investigated. Here 
too with an increase of the total concentration the spots increase in area 
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in upward direction. Once more the spots on the lower row (LL) have a 
flat or rounded base, all bases on one horizontal line. 

The spots on the three higher rows (LC-+S; L and C) have (except at 
low concentration) an incision in the base. On each row the lower limit of 
the lobes on either side of the incision tends to remain on the same horizontal 
line as the base of the free spot at low concentration (see below para- 
graph c). We refer to section 9 for an explanation of these phenomena 
(adsorption chromatography, combined with gradient elution). 

The same generalizations hold when L is present alone (section 5, 
figs. 10-13), and when L, S and LL are present in a mixture of the three 
(section 9, figs. 22-24). The base (or when incisions are present and no 
disturbances occur, the lower limit of the lobes at either side of the 
incision) of each phosphatide spot occupies a particular zone in the 
gradient of the mobile phase on the paper. 


b) Dependence of spot area on the total phosphatide concentration 


In order to investigate the relation between spot and concentration, the areas 
of the C, L, LC + $8 and LL spots were measured (see Table VII). 

If the logarithm of the spot area is plotted against the logarithm of the total 
concentration we do not obtain the simple result as in the preceding section. The 
points lie much more irregularly distributed than in fig. 25. Because strong pene- 
trations of spots occur, the chromatogram in fig. 26 is least trustworthy. We therefore 
give only the slopes of the calculated regression lines for the chromatograms in 
fig. 27 and fig. 28: 

27 Os UH s I= ON 6 IC sais) = Ohalig Ib) == Oxo 
fig. 28 Clee ees s 1b = 7) 8 IWC AB is = Wee Ib = ONG7/ 
mean: C= 0.915;- l= 07845, LOS = 062 


I 
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Taking the mean slopes as representative, we may compare them with the slopes 
found for L when present alone = 0.65; (see section 5, fig. 14) and for L, 8 and LL 
applied as mixture: L = 0.63; S = 0.63 and LL = 0.62 (section 9, fig. 25). Only 
the mean slopes corresponding to the lower rows of spots LL and LC + 8 on the 
chromatograms of figs. 27 and 28 are of the same order of magnitude. The mean 
slope corresponding to the third row of spots (L) is distinctly higher. Since the mean 
slope corresponding to the upper rows of spots (C) has a still higher value, possibly 
in the chromatography of the reference mixture a disturbing factor enters, which 
is the more effective when the number of spots below the spot considered is higher. 

This factor may result from the similarity of the partial concentrations of the 
components. From the spot areas one estimates roughly 


(Cle the 1X0) £95) 4 I = dee lee a. 


With an increase of the total concentration, all four spots and most of all the lower 
spots will be considerably extended in upward direction. Considerable interpene- 
tration of spots will thus occur during the beginning stages of chromatography. 
Compare fig. 26, in which, starting with a total concentration of 2.5 %, the four 
spots still form a closed group. It is not surprising that strong disturbances must 
occur in such cases. 7 
In the case of chromatography of the lecithin + sphingomyelin + lysolecithin, 
studied in the preceding section, the situation 1s much more favourable. Here the 
highest row of spots belongs to the predominating component (L) and the second 
row of spots belongs to the component (S) present in the smallest concentration. 
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If the amount of the phosphatide mixture applied is increased, the L spots will 
considerably increase in area. Since above L there is no other row of spots, this does 
not lead to disturbances. 
TABLE VII 
Spot area (cm?) of cephalin, lecithin, lysocephalin + sphingomyelin and lysolecithin 
as a function of total phosphatide concentration 


OU a ee eee 


; cephalin lecithin 
Total cone. ia. Os a 

% fig. 26 fig. 27 fig. 28 fig. 26 fig. 27 fig. 28 

i oe ee ee eee 
0.5 0.33 0.26 0.31 0.31 0.24 0.24 
1 0.54 0.37 0.52 0.50 0.52 0.38 
1.6 0.89 0.70 0.74 0.63 0.53 0.62 
2 aE 1.02 0.99 1.24 Ors 0.76 
2.0 1.41 1.09 1.25 1.44 1.01 0.85 
3 1.69 1.27 1.58 1.51 130 0.98 
oe 1.66 1.47 1.57 1.80 1.43 1.04 

8s nt Sn ee eS eS eee 

rr lysocephalin + sphingomyelin, lysolecithin 

Total cone. : ; 

% fig. 26 fig. 27 fig. 28 fig. 26 fig. 27 fig. 28 
0.5 0.38 0.32 0.26 0.7 0.42 0.43 
1 0.69 0.58 0.39 1.26 0.82 0.66 
5: 0.91 0.74 0.61 1.54 1.08 0.82 
2 1:32 0.72 0.62 1.94 0.99 1.15 
2.5 1.12 0.90 0.86 2.45 1.15 1.31 
3 1.36 1.05 O.88 Dehd 1.22 1:31 
Bre) 1.31 0.90 1.06 2.98 laa 1.56 


From the fact that the slopes of the L, S and LL lines in fig. 25 are practically 
equal, it must be concluded that the disturbance due to penetration of the top of 
the LL spots into the base of the S spots, similarly of the top of the spots into the 
base of the L spots, during the early stages of chromatography, have practically 
disappeared at the time the chromatography was stopped. 


c) The location of the lower limit of the lobes of the three upper 
spots on the chromatograms 


We said in paragraph a that the lower limit of the lobes of incised spots tend to 
remain on the same horizontal line as the base of the free spot at low concentration. 

When the figs. 26-28 are examined more closely we see that the lower limit of 
these lobes lie on lines sloping more or less upward to the left. This means that 
these lobes too are pushed upward as a result of the disturbance caused by the spots 
below. Thus when we use the position of the lower limit of the lobes for calculating 
Ry, we will find too high a value for Ry. 


11. Chromatography of a mixture of cephalin, lecithin, their lysoproducts 
and sphingomyelin to increasing heights of the front 

We use the same reference mixture as already employed in section 10. 

Its components will in the following be abbreviated to ( (cephalin) ; 

L (lecithin); 8 (sphingomyelin); LC (lysocephalin) and LL (lysolecithin), 

For reasons discussed in section 7 we used neutralized SiCly-treated paper. 

Five sheets of one batch, each provided with nine starting points on an 
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oblique line, were run the day after their preparation in the large slit- 

ed] ar ele 3 15 O/ « ] ° j 
feeding apparatus, 5 mm? of the 0.5 “ solution of the reference mixture 
was applied on the starting points. The chromatograms obtained are 
reproduced in the figures 29-33. 


ei = i 7 = a a : = 2 ae a ee Ie x e as i 
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Fig. 29 Fig. 30 


Figs. 29-30. Chromatograms of the reference mixture on neutralized SiCly-treated 
paper; nine starting points on sloping lines. The front has risen approximately 
4.5 and 9.5 em above the immersion line. 


On each of the figures we may observe from right to left what happens 
when the distance front-starting place increases. It is seen that first 
a closed group of spots is formed (fig. 29), then the upper spot (C) detaches 
itself from the group, and successively the second (L) and the third 
spot (CL+8), after which the fourth spot (LL) is free too. 


TABLE VIII 


Distance from immersion to horizontal line through base of the two left spots 
(“asymptote”) and to front (‘‘front’’) 


s : “asymptote” “awoyanty Sey ae 
2 me: (ai) IN mm (fi) In mm Is Nee) 
30 DAD 93 OV55 
Canali at 83 144 0.58 mean: 
haa 32 anes 193.5 0.58 0,57 
35 139 244.5 (O)tay7 
a a ae 
30 45.5 93 0.49 
aur 31 Aas 144 0.49 mean: 
aoe 39 93 193.5 0.48 0,48 
33 RS 244.5 0.46 
en ee ee ee 
30 40 93 0.43 
Lysocephalin +- 31 62 144 0.43 mean: 
Sphingomyelin 32 fie) 193.5 0.41 0,42 
33 97 244.5 0.40 
Deen ——— ee ee 
30 33 93 0.35 
eee 31 50.5 144 0.35 mean: 
Lysolecithin 39 65 193.5 0.34 0,35 
33 82.5 244.5 0.34 


= oe 
t 


oul] UOIsdoWUTT OY} GAOGB Wo GFZ puw GEL ‘Gp, Aleyeunrxosdde ust sey yuo oy, ‘sour, Furdoys 
uo syurod Surjaeys ouru yy ‘soded poyroag-Fpjig poztpRayneu uo WNIXIUL QUJafal VY} JO SULBIBOJPBUIOIY) “EL-TE “SBT 


ee “Sy 


oe “Sy 


1¢ “Sly 


fant 


253 


In the closed group the three upper spots have incisions at the base. 
When a spot has just detached itself from the group, moving upwards, 
it still shows the incision at the base. The incision gradually disappears 
when the spots drift farther apart, the base becoming flat. We have 
already explained the formation of an incision at the base of the spots 
in sections 9 and 10. The results in these sections led to the conclusion 
that the mechanism of the chromatography of cephalin, lysocephalin 
and sphingomyelin (not separated) and of lysolecithin is the same as 
discussed for lecithin in section 6. This conclusion is confirmed by the 
results shown in the figures 29-33. We see here clearly that for each of 
the components (C; L; LC+S and LL) of the mixture, the same applies 
as was found in Section 7, see figs. 15-19, for lecithin when present alone. 

It is observed that to the left on the figures 30-33 the place of the 
transported spots becomes independent of the starting place. Thus Ry 
values have no sense here and the chromatography is not a partition 
chromatography. 

The four levels which on each of the figs. 30-33 the C, L, LC+S and LL 
spots tend to reach, must then indicate characteristic compositions within 
the gradient of the mobile phase, at which the transport velocity upward 
has reached its maximum value. Assuming that the two groups of spots 
nearest the left-hand margin of the chromatograms lie already on these 
limiting values, we may investigate the position of these four levels as a 
function of the position of the front. 

The mean distances between spot bases and immersion line (a;) and 
between front and immersion line (fj) are given in columns 3 and 4 
of Table VIII. They have been plotted in fig. 34. 

If we inspect column 5 of the Table, we see that for each spot the 
values of Ry, lie close together. The value 0.55 for cephalin on the first 
row is very probably an error, for it appears that in fig. 34 the three 
higher situated points appertaining to C lie practically on a straight line 
through the origin. 

The Ry, values for LL are equal within the experimental errors, so 
that we may consider a; to be practically proportional to fj. (Compare 
the lower straight line drawn in fig. 34). One would expect that for the 
two spots in between, the points would lie on straight lines through the 
origin too. If we inspect, however, column 5 of the Table, the Ry; values 
for L, and similarly for LC+S, we get the impression that here a 
systematic decrease of Ry, with increase of f; is present, which just 
exceeds the experimental errors. Hence the L and the LC+8 curves in 
fig. 34 are probably not straight lines through the origin, but they 
proceed in a slightly convex manner. When L is present alone, we 
obtained a straight line through the origin (compare fig. 21). This suggests 
that the slight curvature of the L and LC+S8 curves in fig. 34 is connected 
with the fact that here a mixture of phosphatides has been applied on 


the starting points. 


1401 Q, mm c 


120+ 


I) OS a 


deh 


20 


ee ee ee eo ae Th a ee ee ee 
20 60 100 140 180 220 260 


Fig. 34. The values of aj, for the four separate phosphatides on the chromatograms 
of the figures 29-33, plotted against fj. 


This may be connected with the fact already mentioned, namely 
that chromatography of a mixture of phosphatides begins with the 
formation of a closed group of spots (compare fig. 29). As a result the 
spots do not move freely and the lower situated cause incisions in the 
base of the higher situated spots. 

The upper spot (C) soon detaches itself from the group. This may 
explain that the curve through the last three C points is within the 
experimental error a straight line through the origin. It takes a longer 
time before the L spot detaches itself from the remaining closed group 
and a still longer time before the LC +S spot comes free. As long as 
they are in the closed group they must lie too high and only gradually 
their position on the chromatogram will take the place where they should 
be, if the phosphatide considered were the only phosphatide present. 

We must still give an explanation why the LL points do (practically) 
lie on a straight line through the origin. This may be due to the fact 
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that it occupies the lowest place in the closed group of spots formed at 

low f; values. There is no spot below it, so it cannot be pushed upwards. 

The base will from the beginning lie at that point of the gradient which 

is characteristic for maximum elution rate (relative to the rate of the 

front). We may thus explain that the curves for @ and LL in fig. 34 are 
practically straight lines through the origin, and that the curves apper- 
taining to the spots (L and LC+8), which in the beginning were 

“compressed”? in between the upper (C) and the lower spot (LL), are 

slightly curved. 

The results in this section may be summed up in two points: 

1) Each of the four spots reaches its maximum elution rate relative 
to that of the front at a characteristic composition of the gradient. 
Because Rg, is independent of the front height the above-mentioned 
characteristic compositions are found (practically) always at the 
same fractions of the ascension height of the front above the immersion 
line. 

2) In the chromatography of a mixture of phosphatides the spots lying 
in between the upper and lower may show an apparently too high 

R,;, at a relatively low front height. In this case the front should rise 

more than 15 em above the immersion line, if the correct Ry, values 

are to be obtained. 


12. Summary 
1. The chromatography of lecithin alone, and of mixtures of egg 

phosphatides, has been investigated with the aid of a large slit-feeding 

apparatus, using 17 x 27 cm sheets of SiCly-treated Schleicher and Schill 
no. 20436, and di-isobutylketone — acetic acid —H2O (50:25:5 by volume) 
as mobile phase. 

2. Two types of chromatograms have been run: 

A) Sheets provided with nine starting points on equal distances on a 
sloping line, intersecting the front on the paper, while on each starting 
point 5 mm? of a dilute solution of lecithin or mixture of egg- 
phosphatides was applied. 

B) Sheets provided with nine equidistant starting points on a horizontal 
line; the concentration of the 5 mm? solution applied was increased 
for the successive starting points. 

3. When lecithin alone is applied on chromatograms of type A 
mentioned sub 2, the migrated spots are situated on a curve, in such a 
way that the spots which have migrated from the lowest starting points 
reach a practically horizontal line (asymptote). 

4. Since a straight line cannot be drawn through the intersection 
point of front and sloping line and through all spots, Ry values (in the 
ordinary sense) are not constant. 


17. Series B 
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5. The quotient of distance a; of the asymptote mentioned sub 3 to 
the immersion line (i), divided by the distance f; of the front to the 
immersion line, is independent of the ascension height of the front. It is 
proposed to denote this quotient with the symbol Ry, = ai/fi. 


6. The results suggest that a gradient is present in the mobile phase 
and that the asymptote may indicate a particular composition of the 
mobile phase at which the upward migration of lecithin reaches its 
maximum velocity, relative to the velocity of the front. 


7. The existence of a gradient has been demonstrated. The acetic 
acid concentration in the mobile phase wetting the paper markedly 
decreases in upward direction. 


8. When a mixture of egg phosphatides is applied four spots are 
obtained: C=cephalin (upper); L=lecithin; LC+S=lysocephalin + 
sphingomyelin (not separated) and LL=lysolecithin (lower). 


9. When this mixture is applied on chromatograms of type A 
mentioned sub 2, the spots are now situated on four curves, each practically 
reaching a horizontal level (asymptotes). The four asymptotes denote the 
particular compositions in the gradient at which the upward migration 
of C, of L, of LC+S and of LL reaches their maximum velocity relative 
to the front. . 


10. Here too the Ry, of the four spots is indepent of the ascension 
height, provided the ascension height is chosen high enough. At relatively 
low ascension heights the Ry, values for the two middle spots are found 
slightly too high (see below sub 16). 


11. Chromatograms of the type B mentioned sub 2 may serve to 
investigate the influence of increasing amounts of phosphatides applied 
at the starting points. . 


12. With lecithin alone, it is found that 


a) the area of the transported spots increases less than proportionally 
with the amount applied (slope of line in a double logarithmic plot 0.65). 


b) the lower margin of the spots lies on a nearly horizontal level; the 
increase in area is due mainly to an increase in length, whereby the 
spots acquire a roughly triangular shape. 

c) In the triangular spots the lecithin concentration increases in upward 
direction. 


13. In principle the same is found when a mixture of phosphatides 
is applied. However, complications may occur by mutual hindrance of 
the spots. The lower spot always has a flat base, but higher situated 
spots may show an incision at the base, or even at high total concentration 
the spots may form a closed group. In cases in which the mutual 
disturbance is slight, the lines obtained by plotting the log (area) against 
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the log (total concentration) have a slope about equal to the slope 
obtained for lecithin alone. 


14. A discussion of the results sub 12) and 13), combined with the 
results concerning the importance of a gradient in the mobile phase 
(points 3-11), leads to a picture of the mechanism of the chromatography 
of egg phosphatides with our mobile phase. It is to be considered as 
adsorption chromatography operating with gradient elution. 


15. The characteristic place of a spot on the chromatogram is the 
location of its base (here the elution rate has reached its maximum) 


. . . . aj 
and not the location of its centre. Hence in calculating Ry, = = one should 
i 
take for aj the distance of the spotbase to the immersion line. 

16. In the early stages of the chromatography of a mixture of phos- 
phatides a closed group of spots is formed. The question why the spots 
lying in between the upper and lower spots show slight deviations from 
Ry, =constant, when the front height is but small (see point 10), has 
been answered. 


17. Acid SiCl-treated paper shows a slight hydrolytic activity. This 
paper, when freshly prepared, distinctly changes its chromatographic 
properties over time. For this reason the experiments concerning the 
independence of Ry, with regard to the front height (mentioned sub 5 
and 10) have been performed on neutralized SiCly-treated paper. 
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BIOCHEMISTRY 


QUANTITATIVE ASPECTS OF THE TRICOMPLEX 
STAINING PROCEDURE. 
THE STAINING OF LECITHIN SPOTS APPLIED ON 
CHROMATOGRAPHIC PAPERS Ia 


BY 


G. J. M. HOOGHWINKEL anv H. P. G. A. VAN NIEKERK 


(Communicated by Prof. H. G. BUNGENBERG DE JONG at the meeting of Jan. 30, 1960) 


In earlier papers of this laboratory [1,2], an indicating reaction for 
phosphatides containing an acidic group and a basic group carried out 
by suspending a spot test paper or paper chromatogram in an aqueous 
staining solution was described. This method was based on the supposition 
that phosphatides of the acid-base type would stain with an appropriate 
dye (cationic or anionic) in the presence of a well chosen non- (or weakly) 
coloured ion (anion or cation), when the latter has a sufficiently strong 
affinity to the phosphatide and on the other hand only a weak affinity 
to the dye. 

It was known that basic dyes stain the paper itself rather strongly, 
consequently giving an intensely coloured background, and that most 
inorganic anions do not have a large affinity for the positive group of the 
phosphatide. Consequently our choice fell on a staining method for 
phosphatides of the acid-base type using an acid dye and an appropriate 
cation [1] Earlier investigations on “Reversal of charge spectra’ [3] 
have revealed that among cations the uranyl ion has by far the greatest 
affinity for the phosphate group, while this cation does not have, a very 
prominent affinity for carboxyl or sulphate-groups. Using in the staining 
procedure a dye(anion) containing sulphate-groups— Acid Fuchsin—and 
uranyl ions (cation) resulted in a successful staining method with a 
negligeable background staining. If, indeed, the mechanism of the staining 
method must be considered an affect of Coulomb interactions as proposed 
for “‘tricomplex systems’ [4], a quantitative relationship based on 
cquivalence between the amount of dye and the amount of phosphatides 
present is to be expected. For reasons to be discussed later the greater 
part of the present investigation deals with a tricomplex staining in which 
instead of Acid Fuchsin is used Edicol Supra Ponceau 4 RS. 

To investigate this supposition is necessary to state beforehand the 
circumstances at which the maximum staining of a certain amount of 
phosphatide will occur. If indeed this quantitative relationship does 
occur, it is perhaps also possible to use the method to measure the 
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concentration of a solution containing an unknown amount of phos- 
phatides. 


METHODS AND MATERIALS 
A. Lecithin 

Lecithin was purified from eggs by column chromatographic separation, 
using Al,O3 and SiOz columns and as eluent (5,6)methanol-chloroform 
mixtures. 

The lecithin was dissolved in chloroform-methanol (80:20) and shows 
by paperchromatographic separation on silica-impregnated paper only 
one spot on the lecithin place. This suggests a high purity. In a + 5 ¥% 
standard solution the nitrogen and phosphorus contents were determined. 
From the nitrogen contents and phosphorus contents respectively and the 
lecithin molarity of the approximately 5 % solution is calculated. The 
nitrogen content indicates a concentration of 63.8 + 0.3 m mol/l. The 
phosphorus contents indicates a concentration of 63.9 + 0.6 m mol/l. 
The ratio P/N=1.0, assuming the molarities are not different within the 
experimental errors. The N determination was carried out as a micro 
Kjeldahl determination. The P content was estimated according to 
MEIJER [11]. 

For theoretical calculations we use for our standard lecithin solution 
the molarity of 63.8 m mol if the experiments are carried out with the 
so-called 5 % lecithin solution. 

In other cases we use a so-called 2 % solution; we shall then use a 
molarity of 25.52 m mol. 


B. General staining procedure for lecithin on filter paper 

Using a capillary pipet with a volume of 4.73 mm? a certain amount 
of lecithin is applied on a filter paper. The lecithin-solutions used are of 
different concentrations and made in chloroform-methanol 80:20 (v/v). 
The applied spots will enclose a circular surface having a diameter of 
about 9 mm. 

When the methanol-chloroform is evaporated, the paper strip, con- 
taining one or more of such lecithin spots, is suspended in a staining bath 
The staining bath for general use contains the following ingredients in 
concentrations as indicated dissolved in destilled water: 

0.005 °% Acid Fuchsin or Edicol Supra Ponceau 4 RS. 

0.2 % Uranyl nitrate. 


O Claret aeH Cl . 
After a short time the lecithin spots will be stained red, while the 


slight background colour is only due to the paper being soaked by the 


staining solution. 7 
After a fixed time the paper containing the red coloured lecithin spot 


or spots is dried with some care, between common filter paper and after 
that with the aid of a stream of warm air. 
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In most of our experiments the concentration of the uranyl nitrate 
in the staining bath is 0.2 °% and the normality of the hydrochloric acid 
is 0.01 n. If another uranyl nitrate concentration or another hydrochloric 


acid normality is used it will be indicated. 


C. The filter paper 

The filter paper used was Schleicher and Schiill 20436, impregnated 
with silicie acid, as used for paper chromatography (2. 7). The filter paper 
is divided with a pencil in squares of 1} by 1} em. The lecithin solutions 
are applied in the middle of a square and the chloroform-methanol is 
allowed to evaporate for at least 10 minutes before immersing the paper 
in a staining bath. 

It is not necessary to use impregnated papers, but we did so to develop 
a method for a quantitative evaluation of paper chromatograms on 
silica-impregnated papers. 

Non-impregnated papers give, as we. could conclude from some 
experiments, the same results. However, impregnated papers have a 
stronger “texture” and so they are easier to manipulate. Moreover the 
impregnated papers do not desintegrate into fibres as easily as non- 
impregnated papers. 


D. Capillary pipet 
The lecithin solutions in chloroform-methanol 80:20 (v/v) were applied 
with a self filling capillary pipet. This pipet has a volume of 4.73 mm. 
The statistical calculations based on 16 measurements indicate that 
by using the pipet the volume applied on the paper is 4.73 mm®, standard 
deviation + 0.12 mm3, 


K. Elution of the dye from the paper squares carrying the stained lecithim 
spots 

For measuring the amount of dye present at a spot we have to elute 
the dye from the paper. 

This is possible by using a solution of 50 % tert.-butylaleohol in water 
containing 3/5 n HCl. This solution is chosen as a result of some experiments 
in which other solvents were tried as well. 

The solution must be acidic because Acid Fuchsin loses its colour in 
alkaline medium. The dye is not soluble in most organic solvents, so a 
total or partly aqueous medium is needed. Moreover it is desirable to use 
a solution in which the lecithin will be soluble, because in that case 
elution will progress considerably quicker. It was known that aqueous 
solutions of tert.-butylalcohol (25 % tert.-butylaleohol and higher) are 
good solvents for phosphatides. The hydrochloric acid in the elution 
solvents promotes a quicker elution but is not especially required. 

Generally we now elute 1} by 14 em squares containing a stained 
lecithin spot with 5 ml 3/;n HCl in 50 % tert.-butylalcohol in water. 
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At the same time a blank determination is carried out. The blank is a 
13 by 14 em filter paper square containing no lecithin stained under the 
same conditions. These blanks are “stained” faintly red due to the dried 
staining solution soaked up by the paper. To measure the amount 
of dye that is eluted the extinction of the eluate is determined with a 
Unicam SP 500 spectrophotometer. The exact eluate extinction only 
corresponding to the amount of the dye linked to the lecithin is not 
obtained by substracting the total blank extinction value but by sub- 
stracting only 70 % of this value. This point will be discussed later (see 
experimental part sub 5). 


F. The use of Edicol Supra Ponceau 4 RS 


In the course of these investigations it became evident that the Acid 
Fuchsin preparation we used contained quite a number of substances 
other than Acid Fuchsin also having a red colour. In this respect we 
examined a series of Acid Fuchsin preparations of various manufactures. 
Our criterium was a paper electrophoretic separation [8] of the components 
of the commercial dye. Most of them contained 4-6 red coloured com- 
ponents and moreover 3—4 components only visible if viewed under ultra 
violet light (chromatolite’). We searched for and found a dye which 
contains three acidic groups, and without impurities. Edicol Supra Ponceau 
4 RS (1.C.1.) was such a dye. A commercial product it proved to be free 
from impurities upon examination of the electropherogram in visible and 
in ultra violet light. 

For quantitative calculations it was necessary to know the dye content 
of the commercial dye preparation. For this reason we carried out nitrogen 
determinations (micro kjeldahl) in the dye. As a result of this deter- 
mination we could state that Edicol Supra Ponceau 4 RS contains 
60.9 °% pure dye. The remainder of the commercial product consists of 
an amount of salts. According to TH. VickerRsTAFF [6] salts are 
generally added to a commercial dye as diluent to bring the dye to a 
standard tinctorial strength for convenient use. In most cases sodium 
chloride, sodium sulphate or soluble starch are used for this purpose. 
We did not investigate the kind of diluent added to the Edicol Supra 
Ponceau 4 RS, because it was of no interest to us +). 


G. Physico-chemical properties of the acidic dyes 

To measure the amount of dye present in the eluate of a stained lecithin 
spot it is necessary first to examine the properties of the dye in the 
eluting solvent. Both acidic dyes used in this work contain 3 acidic 
groups as shown in the formulae given below (figure 1). 


1) Complex interactions generally are influenced by the presence of other salts. 
At the low dye concentration in the staining solution, however, the salt concen- 
tration due to impurities in the commercial dye will have practically no influence 


on the tricomplex staining reaction. 
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ves 
SO.,Na 
3 
CH3 HO 
7 ~"S0,,Na NaO,S N=N 
HN ¢c 3 a03 = 
SO,Na 
SO,Na 
NH, SO3Na 
Acid Fuchsin Edicol supra Ponceau 4RS 
M=607 M=604 
Fig. 1 
Jsing 0.001 % dye solutions in 3/;n HCl in 50% tert.-butylalcohol 


the absorption spectra are determined (see figure 2). 
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If measured at the maximum absorption wave length we can see that 
the extinction has a linear dependence of the dye concentration in the 
eluting solvent. So the dyes do behave according to the law of Lambert— 
Beer (see figure 2). 

The spectrophotometrical determinations are made with a Unicam 
SP 500 spectrophotometer, using a 1 cm diameter cuvette. 


EXPERIMENTAL RESULTS 


I. Some preliminary experiments with Acid Fuchsin 


In our earlier experiments we used the dye Acid Fuchsin (Schuchardt) 
The staining period was 16 hours. After that the paper was dried as 
described under methods. 

Next the squares of 1} by 1} cm were cut out and suspended in an 
erlenmeyer in exactly 5 ml 3/5 n HCl in 50 % tert.-butylaleohol in water. 
After closing the erlenmeyer with a stopper the paper has to stay in 
the solution till all the dye has dissolved in the eluting solvent. With 
the spectrophotometer the extinction of the eluate is measured at 549 my 

The following experiment was carried out: 

Lecithin solutions of different lecithin concentrations in chloroform- 
methanol (80:20) were applied on filter paper squares. The staining 
procedure was performed in 5 fold and after elution of the spots the 
extinction was measured. The results are shown in figure 3. 

The abscissa gives the lecithin concentration in percentages and the 
ordinate gives the eluate extinctions diminished with 70 % of the blank 


extinction value. 
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Fig. 3. The eluate extinction 
dependence of the lecithin concentrations. 
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The straight line which is found suggests the expected linear relationship 
when between the reacting components a tricomplex system is formed. 

The experiments performed using Acid Fuchsin as a dye in the staining 
bath will not be reported here in detail, because on theoretical grounds 
this dye (a commercial product) is not suitable for calculations of 
molecular relations. The reason is that, as already mentioned under 
methods and meterials, Acid Fuchsin is far from a pure dye. For exact 
calculations it is necessary to use a pure dye or a commercial dye which 
does not contain impurities of organic coloured matter. The impurities we 
eventually can tolerate are the salts which are used as diluents. 

Edicol Supra Ponceau 4 RS (see earlier in this paper), is sufficiently 
pure for general use in this investigation. 


Il. The influence of various factors on the staining of lecithin, using 
Edicol Supra Ponceau 4 RS 


In the following experiments we have tried to search for the optimal 
staining conditions in order to be able to evaluate some fundamental 
properties of the staining method under investigation. 

The most important factors which determine the results of the staining 
are: 


1.. The pH of the staining solution. 


2. The immersion time in the staining solution. 

3. The concentration of the dye in the staining solution. 

4. The concentration of UO2s(NOgs)2 in the staining solution. 

5. The influence of lecithin concentration (which leads to the argumenta- 


tion of using the 70 % blank extinction value as real blank value). 

The effect of variations in the pH, dye concentration and duration of 
immersion in the staining solution are investigated using the dye Edicol 
Supra Ponceau 4 RS. The uranyl nitrate concentration in the staining 
solution is fixed at 0.2 %. The effect of the uranyl nitrate concentration 
is studied using a dye concentration of 0.01 %. 

Furthermore, it must be noted, we did not rinse the stained papers 
after staining and before drying, because we found that quite a 
considerable amount of dye is lost by rinsing the papers. 

Rinsing is prescribed as a manipulation if the staining reaction is used 
for qualitative purposes, for instance in identification reactions by paper 
chromatographic separations. 


1. Influence of the pH of the staining solution 


To examine this effect we carried out some experiments in which we 
used a 2% lecithin solution in chloroform-methanol (80:20). A dye 
concentration of 0.01 % was used. Using different HCl concentrations 


a pH range between the values 0 and 4 was obtained. The next table 
gives the results. 


265 
TABLE 1 


Effect of pH variation on staining intensity 


ae A | B 
pH of staining =e Tee pao 
Rotation Fee Monee eehacuse ooo 
JP. x c > : 1) | 
DC xtinction xX 1000 | A_19 % &B 


of eluate of lecithin spot | of eluate of blank 


eA Td PS a ee oe ee ee 


0 120, 123, 1225 120 62, 64, 64, 66 121— 45 = _ 66 
1 198, 205, 197, 203 43, 43, 43 | 201 — 30 = 171 
2 230, 230, 232, 230 | BOs BO, Bist, 7 231 — 26 = 205 
3 221, 215, 222; 220 Bh XD, Od9) 220 — 25 = 
+ 203, 215, 210, 215 Bin Oilg BY BY 215 — 27 = 


The graphic demonstration of the results is given in the next figure : 
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Fig. 4. Extinctions of the eluates obtained from lecithin spots stained in solutions 
having different pH values. 


Using Acid Fuchsin the same experiment was carried out. The result 
was exactly the same in both cases. So we must conclude that at pH =2 
more dye is bound by the lecithin then at other pH values. 

As it is our object to search for the conditions promoting the strongest 
staining of lecithin, it is necessary for our further experiments to use 


a staining solution, containing 0.01 n HCl, so that the pH has a value 2. 


2, The influence of the staining time 
The staining of lecithin spots is carried out with two staining solutions. 


The first one contained 0.002 ° Edicol Supra Ponceau 4 RS, the second 


one contained 0.01 % of the dye. 
The experiment is carried out with 2 and 5 °% lecithin solutions. The 


staining times used are 2, 6, 16 and 40 hours. 
In the next table the results are summarised: 
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TABLE 2 


Staining of 5 and 2 % lecithin spots in 0.002 % and 0.01 % Edicol Supra Ponceau 
4 RS during respectively 2, 6, 16, 40 hours 


Dye concentration Extinction in eluate (E x 1000) 
0.002 % 


Staining time 


aah hacia 5 % lec. spot 2% lee. spot Blank 
2 58 68 73 65 16 83 LE 7 
6 122 149 147 155 1385 1438 10 10 
16 340 335 317 166 166 165 6 6 
40) 435 442 431 1869 170° L7i | 9 

Dye concentration Extinction in eluate (E « 1000) 
0.01 % i 7 
Staining time 

in varie 5 % lec. spot 2 % lec. spot Blank 
2 230 270 275 205 216 216 28 27 
6 492 472 492 218 217 222 32 34 
16 560 557 655 226 225 219 30 60386 
40) 545 541 545 225 226 226 oo. BO 


In Figure 5 gives curves representing the data of table 2. 

The mean extinction values of the determinations are diminished with 
70 % of the mean extinction values of the blank. Fig. 4 demonstrates 
clearly what happened, but the experimental points on the curves are 
mean values of the values mentioned in the table and they are diminished 
with 70% of the blank extinction values. (This latter point will be 
discussed later on). 
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Fig. 5. Relationship between staining time and eluate extinction for two lecithin 
concentrations in staining solutions containing resp. 0.002, 0.005 and 0.01 % of 
Kdicol Supra Ponceau 4 RS. 
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It can be seen from the figure that a spot from a low lecithin concen- 
tration (2 %) reaches its maximum colour intensity in a shorter staining 
time than a spot of a higher (5 %) lecithin concentration. Using the 
0.002 % dye containing staining solution, the maximum eluate extinction 
for 5% lecithin spots is not reached even after 16 hours of staining, 
while the 2 % lecithin spots in the same staining solution are stained 
with maximum intensity within 16 hours. 

We also carried out a staining experiment using a 0.005 % dye con- 
centration, It must be concluded from this experiment that even in an 
0.005 % dye concentration after 16 hours, using 2 and 5 % lecithin 
spots, the colour intensities have reached their maximum (see the table). 


TABLE 3 


Eluate extinctions of 2and 5 % lecithin spots on 1} by 14cm squares using a 0.005 % 
dye concentration in the staining bath after 16 and 40 hours staining 


Staining time Extinction of eluate « 1000 


in hours 


a % lec. spot ZG LOC SPOL | Blank 
16 489 489 485 | 209 209 213 i) ie) ee ay 
40 493 490 488 203 201 200 | 15 16 


It must be noted that it is evident that if the staining reaches its 
maximally possible intensity level the staining is more reproduceable so 
that the corresponding determination results do not differ considerably. 
In fact for practical purposes duplo determinations will suffice if the 
method is carried out under maximum or nearly maximum conditions. 


3. Infleunce of the dye concentration of the staining 
solution 
Lecithin spots are stained for 16 hours using staining solutions of 
different dye concentration. The extinctions are measured of the eluates 
and given in the next table (mean values of 5 determinations). 


TABLE 4 


Eluate extinctions of lecithin spots stained in solutions with different dye 
concentrations 
enn et ee a ee i 
Extinction » 1000 diminished with 70 % blank extinction 


| 
E Dee 
| 


Dye concentration 


611 


0/ 7 er ee 
Ke 2 % lecithin spots 5 % lecithin spots 
———— “oO 
0.001 145 225 
0.002 162 | 410 
0.005 198 | 481 
0.01 | 230 | 530 


0.025 | 253 
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The graphic demonstration of the influence of the dye concentration 
as given in the above table is demonstrated in the next figure (figure 6). 

From both curves the conclusion may be drawn that the amount of 
dye bounded to the lecithin strives to a maximum. 
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Fig. 6. The dependence is given of the extinction values from eluates of lecithin 
spots stained during 16 hours in staining solutions containing various dye 
concentrations. 


4. Influence of the uranyl nitrate concentration of the 
staining solution 

Kinetically the staining reaction has to be considered as an equilibrium 
reaction between 3 components: lecithin (amphion), Edicol Supra Ponceau 
4 RS (anions) and uranyl (kations). The amount of lecithin is fixed, as 
an insoluble phase, while the dye and the inorganic UOsgt+*, both are 
soluble and subsequently will determine the equilibrium. As can be seen 
from figure 4 it is clear that the dye concentration, at a constant 
uranyl nitrate concentration, determines the maximum amount of dye 
which can be bound. Figure 5 demonstrates an asymptotic relationship 
between eluate extinction, which actually means the maximum amount 
of dye bound, and the dye concentration in the staining solution, again 
if the wranyl nitrate concentration was fixed at 0.2% in the staining 
solution. 

From a kinetic point of view it also must be possible to promote a 
maximum dye uptake by the lecithin if the uranyl nitrate concentration 
is chosen higher. For this reason lecithin spots on filter paper squares 
are stained in staining solutions having various UOs(NOg3)2 concentrations 


and a constant dye concentration (0.01 % Edicol Supra Ponceau 4 RS). 
Staining time is 16 hours. 
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TABLE, 5 
Eluate extinctions diminished with 70 % of the blank eluate value of 2.5 % 
lecithm spots on filter papers, stained in staining solutions containing 0.01 % 
Edicol Supra Ponceau 4 RS and different uranyl nitrate concentrations 
eee 


Uranyl nitrate | Extinction of lecithin spot 
concentration | diminished with 70 % of 
oF | blank-value (E x 1000) 

0 40 

0.002 | 157 

0.02 | 232 

0.2 | 295 

0.4 | 317 

0.8 330 

1.2 | 324 


The next figure (figure 7) gives the graphic demonstration of the 
above figures. 

The result of the last experiment suggests that the highest possible 
amount of dye that can be taken up the lecithin is expressed by an 
eluate extinction of 330 (E1000), this being the value found for a 
2.5 % lecithin spot. 
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Fig. 7. Dependence of the eluate extinction on the uranyl nitrate concentration 
of the staining solution. 
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5. The influence of the lecithin concentration and argu- 
mentation of using the 70 % blank eluate extinction 
as real blank values 

To examine the dependence of the staining result obtained by staining 
lecithin spots, prepared by applying different lecithin solutions, of the 
concentration it is necessary to perform the re: action using a dye concen- 
tration in the staining bath and a staining time such that after finishing 
the staining procedure equilibrium is reached. For 2 % and 5 % lecithin 

solutions this equilibrium is reached according to fig. 4, if stained in a 

staining solution containing 0.005 °%, or 0.01% and higher dye concentrat- 

ions. To be sure of the reproducibility of the reaction we have chosen a 

dye concentration of 0.01 °% Edicol Supra Ponceau 4 RS. 

The next table gives ae results of an experiment in which lecithin 
spots of different lecithin concentrations are stained under the conditions 
as described above. 


TABLE 6 


Eluate extinctions (E x 1000) of lecithin spots of different concentrations diminished 
with 70 % of the extinction of the blank eluate (mean values of 5 determinations) 
stained in 0.01 °, Edicol Supra Ponceau 4 RS. Uranyl nitrate concentration 0.2 ° 


Lecithin Eluate extinction — 
concentration 70°, blank extinetion 
% (E x 1000) 

0.5 61 
i 111 
1.5 157 
2 212 
2.5 268 
3.6 381 


The next figure (figure 8) gives the graphic demonstration of the 
results from the above table. 

The same experiment was carried out by cutting out the stained spots. 
In that way the same line was obtained going through the point zero 
of the x and y axes. This was one of the arguments that it is justified 
to diminish the eluate extinction of the spot test square (14 by 13 em) 
having a surface of 2.25 em? with 70% of the blank extinction value. 
This 70 % is chosen because of the surface of a 14 by 14 em square which 
is not occupied by a lecithin spot (d=9 mm, surface 0.636 em2). If we 
calculate this factor we see that it will be 2.25 em?— 0.636 em?—1.614 em?. 
This amount of 1.614 is practically 70% of the total surface of a 
1} by 1} em square. Some more experiments were performed to make 
sure that this correction factor is to be trusted. Using a different filter 
paper square made the part of the filter paper not occupied by lecithin 
50 %. It was evident that in that case 50 % Of the blank value must be 
subtracted from the extinction values obtained. Moreover, an experiment 
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Fig. 8. Dependence of the eluate extinction on the lecithin concentration. 


was carried out by applying a triglyceride solution in chloroform-methanol 
(80:20 v/v) with the same pipet on a filter paper square of 1} by 14 cm. 
By staining this paper and comparing it with a blank, an unstained 9 mm 
diameter triglyceride spot could be seen on hardly coloured background. 
Secondly the eluate extinction of this triglyceride spot (which does not 
stain with the tricomplex staining) was + 30% less than the eluate 
extinction of the blank. 


(To be continued) 
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BIOCHEMISTRY 


QUANTITATIVE ASPECTS OF THE TRICOMPLEX 
STAINING PROCEDURE 
THE STAINING OF LECITHIN SPOTS APPLIED ON 
CHROMATOGRAHIC PAPERS Is 
BY 


G. J. M. HOOGHWINKEL anp H. P. G. A. VAN NIEKERK 


(Communicated by Prof. H. G. BUNGENBERG DE JONG at the meeting of Jan. 30, 1960) 


DiIscussiIOoN 


1. The composition of the tricomplex 

The theoretical background of the staining method investigated in this 
paper seems to find a confirmation in the experimental results. Schematic- 
ally a tricomplex can be pictured as given in this figure. 


———--- intense complex relations 


W ey negligible complex relations 


~ at 


+) lecithin amphion 


Edicol Supra Ponceau 4 RS--- 
I 
= 3 


The lecithin molecules are present on the paper in the smectic phase 
and insoluble in the staining solution. A UQs+* ion will be attracted 
by means of Coulomb forces by the negatively charged phosphate group 
of the lecithin and the dye is attracted by means of Coulomb forces 
by the positively charged quarternary ammonium ion group of the 
choline residu of the lecithin. If indeed the attraction between the dye ions 
and the UOs+*+ ions are negligible then the tricomplex will be formed. 

The tricomplex can be given in formula: 


+ —(Edicol Supra Ponceau 4 RS)--- UOst+ 
<== Poe sh a aaiee nc cael f > 


Lecithin - 


This molecular formula gives the composition if all charged groups 
of the lecithin are compensated by dye ions and uranyl ions respectively. 
If in our experimental results we can find indications that the stained 
lecithin complex under examination will be composed according to this 
expectation then we can consider the theoretical starting point as stated 
by Bungenberg de Jong as confirmed. 
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From the staining results of certain amounts of lecithin at pHi=2 
during 16 hours at different dye concentrations we could conclude that 
the dye uptake by lecithin tends to reach a maximum. The staining of 
certain lecithin amounts using different uranyl concentrations gives a 
clear indication concerning the maximally possible amount of dye taken 
up by the lecithin. The molecular proportions combined in a stained 
complex can be calculated from experimental data given in the foregoing 
paragraphs of this paper. ; 

The amount of lecithin on the spot applied by using the 4.73 mm? 
capillary pipet is calculated as follows: . 


a 5 % lecithin solution is equivalent to 63.8 m mol/l 
a 2.5 % lecithin solution is equivalent to 31.9 m moll/l 


a2 % lecithin solution is equivalent to 25.5 m mol/l 


4.73 mm* of the same lecithin solution contains respectively 


4.73 


39 2 919) or (255 
(63.5), (31-9) or (25.5) TOO IOOD 


m mol lecithin. 

These amounts are present at a spot if these are applied with the 
capillary pipet: 

4.73 mm? of a 5 % lecithin solution thus means 3.02 «10-4 m mol 


4.73 mm® of a 2.5 % lecithin solution thus means 1.51 x10-4 m mol 


4.73 mm? of a 2. % lecithin solution thus means 1.21 10-4 m mol 


The eluates of the stained squares containing the lecithin spots are 
prepared by extraction of the dye with exactly 5 ml 3/5 n HCl in 50% 
tert. butylalcohol. 

If the eluate extinction (Ext. « 1000) is given by the value X then the 
amount of dye in m mol/5 ml can be calculated as follows: 


x 5 60.9 1000 


X Top * 0.001 X tog * GOna7s 


333 ~~ 100 m mol. 


Mol. weight of Edicol Supra Ponceau 4 RS = 604.475. 

Extinction of a 0.001 % dye solution =333 (Ext. x 1000). 

The purity of the dye is 60.9 %. The eluate volume is 5 ml. 

The amount of dye taken up by the lecithin corresponding with an 
eluate extinction of X is also 15.1 X «10-8 m mol. 
Edicol Supra Ponceau 4 RS 


— shortly E/L is calculated 
Lecithin ? 


The molecular ratio 


as follows: 
ae 15Xx10-8 55 
5 Oo lecithin spot joie 10-4 = T0000 ° 
he 15Xx10-8'  10X 
BS oi lecithin spot 1.61 x 10-4 = 70000 ° 
oe IBX x10 _ 12.5X 
ay os lecithin spot 121 <x 104 70000: 
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From the results of the staining experiment using a constant uranyl] 
concentration with different dye concentrations and from the experiment 


using a constant dye concentration and different uranyl nitrate concen- 

5 : ox %o . Edicol Supra Ponceau 4 RS 

trations in the staining bath the molecular ratio ————— 
Lecithin 

is calculated. The results of the calculations are demonstrated in the next 

figures: 

Molecular ratio: 


Edicol supra Ponceau 4RS 


SS Lecithin Se ee 


0.30 


UO_(NO_) concentration 
a2 
0.2% 


0.20 


010 


%o Ed.supr P4RS 


0.001 0.01 0.02 0.025 


Fig. 9. Molecular ratio E/L in dependence on the dye concentration. 


Molecular ratio: 


Edicol supra Ponceau 4RS 
Lecithin 


0.30 


Dye concentration 


0.01% 


0.20 


°%o Uranyl! nitrate 


002 02 04 056° ~0:8 1.0 Ae 


Fic. wee $e eee : 
ig. 10. Molecular ratio E/L in dependence on the uranyl nitrate concentration. 


If the tricomplex system were formed exactly as indicated by the 
stoechiometric composition indicated earlier in this discussion the molecular 
ratio E/L of 0.33 theoretically is to be expected. . 

As a matter of fact this is the value for an equivalence of the Coulomb 
atractions between the ionic partners in this complex. Based on the 


same argument the molecular ratio: oe, ee wi 
BGO Se 
lecithin, ill be 0.50. 


Pagts) 


If we study the graphical demonstrations in fig. 9 and 10 we see that 
in both cases the molecular ratio K/L tends to a maximum reaching the 
value 0.33 in the case of variation of the uranyl-nitrate concentration. 
This value is not reached in the experiment in which the dye concen- 
tration varies but it is evident that the line still tends in the upward 
direction, so evidently this ratio tends to a limit being without doubt 0.33. 

Work is in progress on the experimental evaluation of the equivalence 
of the UOs+t+ ion in the tricomplex system. The results indicate that 


uranyl nitrate 


indeed a molecular ratio = 0.50 or nearly 0.50 will be reached 


lecithin 
if the staining conditions are chosen well. (v. NreKERK and Hooau- 
WINKEL [10]. 


2. Perspectives for the application in quantitative analysis 

The linear proportionality we found between the eluate extinction and 
lecithin concentration if the staining is carried out at pH=2, with a dye 
concentration of 0.01 % and an uranyl nitrate concentration of 0.2 a 
and a staining time of 16 hours suggests that the method is suitable as a 
method for the quantitative determination of lecithin, 

Moreover, we have strong indications that not only lecithin but also 
cephalin (phosphatidyl ethanolamine), lyso lecithin and sphingomyelin 
stain with this method exactly in the same way. If that is true the method 
is more generally usable and provides a universal method to determine 
so-called “‘acid-base” phosphatides. The method will be more simple 
than other determination methods (Phosphorus, or Nitrogen estimations) 
and is more specific than those methods. Hence it is a micro-determination 
which means that only very small amounts of material are necessary to 
carry out a determination. We used the method to follow the course of 
column chromatographic separation of phosphatides qualitatively and 
quantitatively. 

Investigations are in progress to use the method for quantitative paper 
chromatography of egg phosphatides. A paper chromatogram must be 
stained with the tricomplex method. The satined spots must be cut out 
and must be eluted with 3/;n HCl 50 % tert. butylalcohol solvent and 
the extinctions of the eluates can be measured in a spectrophotometer. 
Our preleminary experiments indicate that the composition of a mixture 
of the above-mentioned phosphatides can be determined in a rather 
accurate way. HooGHwINKEL and y. NrekerK [12)). 


SUMMARY 

1. The experimental conditions necessary to get a maximum staining 
result of lecithin spots on silicie acid-impregnated filter paper, using the 
tricomplex staining for phosphatides are examined. Pure lecithin is used 
as representative for the acid-base type phosphatides. In earlier publica- 
tions the dye Acid Fuchsin was used. In this paper we used, to get more 
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exact results, the dye Edicol Supra Ponceau 4 RS (I.C.1.), a dye containing 
approximately 40 °% inorganic salt, but no impurities of organic matter. 
In most of our cxperiments the staining solution contains 0.2 % uranyl- 
nitrate and 0.01 n HCI. 

2. The following factors influencing the staining results have been 
investigated : 

a. Hydrochloric acid normality: At 0.01 n (pH = 2) the strongest colour 
intensity was obtained. 

b. Staining time. 2, 8, 16 and 40 hours staining are compared: With 
a sufficiently high dye concentration a staining time of 16 hours is most 
suitable. 

c. Variations in dye concentration, and the uranyl nitrate concen- 
tration: It was demonstrated that maximum staining is obtained if the 
equilibrium concentrations are sufficiently high. By choosing higher 
uranyl-nitrate concentrations in the staining solution the maximum 
staining intensity is reached by lower dye. concentrations. 

3. The linear relation between eluate extinction and lecithin concen- 
tration is established using suitable experimental conditions. 

4. Discussed is the theoretical composition of the complex in the case 
of staining a threevalent dye anion and its experimental approximation. 
A molecular ratio dye/lecithin=0.33 is on theoretical grounds to be 
expected. This value is indeed reached or nearly reached if the experimental 
conditions are appropriately chosen. 

5. The usability of the quantitative method as a general method for 
the determination of acid-base type phosphatides is discussed. Preliminary 
results are mentioned concerning investigations being in progress, about 
the quantitative evaluation of paper chromatograms of a mixture of 
the above-mentioned phosphatides. 


Department of Medical Chemistry, 
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CONCENTRATION PROFILES IN THREE-COMPONENT 
REACTION SYSTEMS 


BY 


W. R. DAMMERS !) 


(Communicated by Prof. J. A. A. KeTELAAR at the meeting of February 27, 1960) 


Introduction 


Some years ago WATERMAN [2] and WEBER [1] proposed an empirical 
equation describing the composition of reaction systems consisting of 
one feed component (A) and two product components (B and C). In 
recent publications on this subject, De BozR and VAN DER Bore [3, 4] 
replaced the empirical equation by a theoretical relation between the 
product concentrations based on a simple kinetic model. The present 
communication deals with some further aspects of both the empirical 
and the theoretical relation; in addition, an alternative model is suggested, 
which is not subject to the limitations inherent in van der Borg’s 
mechanism. 


The empirical relation between the product concentrations 


Waterman and Weber considered a number of three-component 
reaction systems, in which at the time f=0 only the feed component (A) 
is present, whereas at t=co this component is completely converted into 
one of the product components (C). Denoting the concentrations (mole 
or weight fractions) of A, B and C at the time ¢ by z, y and a, respectively, 
the relation between y and x appeared to be represented satisfactorily 
by the hyperbolic equation 


a(1—2x) 


(1) y= atba 


where a and 6 are constants depending on the system under consider- 
ation and on the reaction conditions applied. In Weser’s thesis [1] 
this equation has been applied to various catalytic processes. For this 
purpose, experimental values of y and «x are plotted in a rectangular 
isosceles triangle (Fig. 1) and the y, x curve is fitted to the experimental 
points with the aid of values for the constants and 6, obtained by a 


trial-and-error procedure. 


1) Bataafse Internationale Petroleum Maatschappij N.V., The Hague, The 
Netherlands. 
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From Weber’s examples, the application of equation (1) to catalytic 
reaction systems seems to be quite suecessful. However, in view of the 
absence of numerical information on the standard deviations of a and b, 
the visual agreement between the curves thus obtained and the experi- 
mental data may be somewhat misleading. A more reliable criterion for 
testing the applicability of the proposed relation might have been achieved 
by linearizing equation (1): 

a(1—z2) 
y 


atbez 


and evaluating constants a and 6 (and their standard deviations) by 
means of an extension of the method of least squares. 


Cc 


° 
fe) I 


A x B 


Fig. 1. Graphical representation of equation (1) 


Another objection to the application of equation (1) has already been 
mentioned by VAN DER Bore [3], when observing that parts of the hyper- 
bolae in Weber’s diagrams fall outside the triangle and, consequently, do 
not satisfy the essential condition 


(2) | a+y<l 


This weakness of Weber’s method is a result of the absence of an adequate 
physical basis underlying the proposed equation. Constants a and } 
have no direct physical significance and the adjustment of equation (1) 
to the experimental points thus readily leads to values for a and 6 which 
violate condition (2). This can be illustrated in the following way. 
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From equation (1) we derive for slope s of the hyperbolae: 


_ dy 


= 1 —2a ba(1 —«a) 
da i* 


at+be | (a+bx)2" 


S 


Slopes so at t=0 (w=0) and s; at t=co(x=1) thus are 
1 

so — and 2s) = — eee 

a atb 


Conversely, we find for constants a and bp: 


1 
a=— and b= = (- ae -) 
So 


SO Si 


Since the y, x curves are confined to the region inside the triangle, slopes 
so and s; must fulfil the requirements 


(3) So > 0 and at 0 
The conditions for a and 6b are therefore: 
(4) a>0 and at+b>1 


Table 1 shows the values of a and 6 obtained by Weber by applying 
equation (1) to a number of catalytic processes under various reaction 


TABLE 1 
Values for constants a and b derived by WEBER [1] 

reaction system Fig. No. a | b a+b 
hydrogenation of linoleic esters 27 0.0065 0.947 | 0.954 
0.0272 | 0.886 0.913 

0.0481 0.880 0.928 

0.0950 | 0.978 1.073 

hydrogenation of hnoleic esters Py || (Oss 0.712 | 0.829 
| 0.340 0.398 | 0.738 

0.340 | 0.3898 | 0.738 

0.340 0.398 | 0.738 

| | 0.747 0,128 0.875 

|} 1.66 | 2221 3.87 

hydrogenation of cottonseed oil | 31 | 0.0108 | 0.980 | 0.991 
hydrogenation of soybean oil 32 | 0.0050 1.01 | 1.015 
hydrogenation of linseed oil 33 | ~=—0.0320 1.05 1.082 
hydrogenation of linseed oil 34 0.108 0.985 | 1.093 
chlorination of benzene | 35 | 0.0340 0.922 | 0.956 
chlorination of methane 36 =| 0.0124 0.987 | 0.999 
oo Baan | 0.0922 1.01 | ° 1/502 
isomerisation of n-hexane |. 37 0.0045 1.30 1,304 
isomerisation of n-octane | .38 0.0175 0.970 | 0.988 
oxidation of paraffin wax | 939 0.344 1.43 | L774 
a | 0.164 1.33 1.494 
isomerisation of methyl! oleate 40 | 0.129 1.18 | 1.309 
0.389 0.943 | 1.332 

isomerisation of methyl oleate 41 0.210 1.01 / 1,220 
0.350 0.804 | 1.154 
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conditions. From this Table, the second column of which refers to the 
graphs in Weber's thesis, it may be seen that about half of the exemples 
do not satisfy the condition a+b > 1; the corresponding values of a and/or 


h should therefore be revised. 


Limitations of Van der Borg’s mechanism 


Waterman and Weber developed their empirical relation after 
observing that most three-component reaction systems could not be 
described by one of the following kinetic models: 


simultaneous consecutive 
first-order reactions first-order reactions 


A-—-B-C 
It thus seems obvious to start from a mechanism in which both simul- 
taneous and consecutive reactions take place. Restricting the problem 


to models involving three first-order rate constants, only two models 
with variable slopes of the y, x curves at f=0(%=0) are conceivable, viz. 


Cc 


I Il 
B fs) 
ad ee 
k, 
A k, A 
RY PS 
C c 


The first model has been discussed in detail by Dz Boer and Van DER 
Bore [3,4]; they also successfully applied this mechanism to one of 
the catalytic reactions considered by Weber (low-temperature hydrogen- 
ation of linoleic ester). It can be shown, however, that model I does not 
apply to all of Weber’s examples. A careful mathematical analysis 
(Appendix 1) reveals that the reaction systems obeying model I can be 
divided into two separate groups (Ia and Ib); the pertinent properties 
of the systems contained in each of these groups are given in Table 2. 

From Table 2 it is seen that reaction systems corresponding to group Ta 
yield y, 2 curves with variable slopes at t=oo(x= 1), but the maximum 
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TABLE 2 


Properties of reaction systems corresponding to model I 
ee ee ee 


group la group Ib 
ratio of rate constants ela = ll | =< au. zz 
ki tks ~ i +h = 
slope of y, x curves at ] iin 
Sis ie Day \ v1 k 
te Oe == ONL AO ee 50 = so = 
3 a 
slope of 4, x curves at | : 
= s D1 
eC en Ne ee ete i) ase Oi. Sol sj3=—l 
i . is 2 3 
maximum concentration of 
a : zs SO i So = 
oinyoroyaterm 1B) 5 4 6 g ao oe O=Ymax Toe ae lates es <Ymax <1 


concentration of component B does not exceed the value 1/e(= 0.368). 
The systems of group Ib, on the other hand, can (and usually will) have 
maximum B concentrations greater than l/e, but all y, x curves in this 
group touch the hypotenuse of the triangle at f=co(x=1). This implies 
that reactions in which 


OSs and 


Ole 


< Ymax < 1 


— 
OU 
Sot 


cannot be represented by model I. It may be remarked that most of the 
isomerisation reactions listed in Table 1 appear to satisfy the properties 
mentioned in (5); as a consequence, these systems are not amenable to 
analysis by van der Borg’s mechanism. 


Discussion of model IL 

The second model combines the reversible conversion of A into B 
with the unidirectional side-reaction A +C. This mechanism may be 
valid, for instance, in the case of a “‘difficult’” equilibrium reaction 
accompanied by destruction of the feed component (e.g. the isomerisation 
of methyl cyclopentane to cyclohexane, in which the methyl cyclopentane 
partly decomposes into smaller aliphatic molecules). 

The mathematical treatment of model II is given in Appendix 2. 
For the slopes of the y, x curves at «=0 and x=1 we obtain: 


ky ki the’ —ks |(-Ezeae 
(6) ee as and $1] = Sai, - 2k a kg 


in agreement with the conditions postulated in (3). Introducing so and s1 
as the characteristic constants, we derive from (6): 


ky hea! os : 80 ky = ieee 
ea = (1+s1)(1~ 2). = 12 ade ee 


In terms of so and s; the relation between the concentrations of components 


B and © becomes: 


c y Le ee et oe 
(8) (1-2+4) ~ (1 Pai 
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From (8) we calculate for the maximum of the y, # curve: 


(9) es Ymax _ QLaeai) te (8 ee 80/81) 
80 (1 +81) —(1 —80/81) 
For the extreme cases so=co and s;=—1 equation (9) reduces to the 


following limiting valus of ymax: 
(10) 89 = CO>Ymax = —8 and 8s, = —1>Ymax = —— 


In Fig. 2 values of ymax. calculated from equation (9), are plotted as 
a function of slope s, for various values of slope so. This graph shows 
that y, « curves with s;>—1 can have maximum y values considerably 
greater than 1/e. The limitations inherent in model I are therefore not 
present in model IT; from a mathematical point of view, model II thus 
proves to be more flexible than model I. 
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Fig. 2. Maximum concentration of component B in model Il as a function 


of slopes so and s; 
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APPENDIX 1: Mathematical treatment of model I 


The rate equations applying to model IT are: 


dz d ; 
(11) a = (kit hale, Y= biz—koy, & = boy + hye 


Integrating these equations with the aid of the conditions 


e+y+z=1 and t=0,2=1 


we obtain: 


(12) z= e-kitks)t 
k 
13 SS =, SE a 
re) J hy —ke+ks is ; J 
ke — kg sl a k 
14 t= 1+ ———_e tlt _ __"7_g-hit 
7) ki— ko +ks : ki— ko +kg : 


Differentiation of (13) and (14) with respect to ¢ gives: 


2 dy ky Sas <p 
(15) a ae en (hey + kg) € (kr +hs)t Joy @ hat) 
dx (ko—ks)(kitks) _ +7 ki ks 
16 aie ae, tee 8) Ea 8) Oath, LD eS 
US) dt ki —ko-+ks Vee ks 
Hence 
cig) dy _ ki(ki-+ks) e~ Fit hs)t — ky hea em Bat 
dx — (ko —kz) (ki +ks) e~ iv kst + fey kg e het” 


For t=0(x=0) this expression is reduced to 
dy k 
8 e = ) = es 
(18) = ee nO) kg 


whereas for t=co(x=1) equation (17) becomes indefinite. In order to 
obtain a value for s;, numerator and denominator of (17) are multiplied 
by the factor exp (k1-+ks)t: 

dy Z kx(Kki +ks) —ky eg ek — ha +k) t 


(19) da —(ka—ks) (ki +ks) +hi ke ei ket hs) t 


Now, if t=co(a=1), we must distinguish between the following cases: 


jk 
(20a) bio ka = 0 = 0S 3) = — ——e >-1 


(20b) ky —kho+ kg >0 S>s,=-1 


indicating the existence of two separate groups of reaction systems 


satisfying model I. 
The time tm at which the concentration of component B attains a 
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maximum value ym is calculated from (15) by putting dy/dt=0; we then 
obtain: 

7 ae In (ky +k3) — In ke a In ko/ (ky +ks) 
ee jee (ki +ks) —ke ki —ko+ks ° 


Substitution of (21) in (13) yields: 


ky ke ky/ (hy — hog +s) 
(22) Ym ~— na (- | 


Introducing the constants 


yo: aes oe 
ale ks r ki +ks 
equation (22) changes into 
8 (l—g¢ 
(23) Um = = gy” 1-¢ 


1- So 


Application of the criteria mentioned in (20) to the second factor at the 
right-hand side of (23) results in: 


(24a) ky — ko + kg << 0 > g>1 > 0< 9? eh IPs 4 
(24b) ki—kot+khs>O0> O<g<l —-<q??-<1., 


e 


Combining (24) with (23), we finally arrive at the expressions for the 
maximum y values given in Table 2. 


APPENDIX 2: Mathematical treatment of model II 
This mechanism gives rise to the following rate equations: 
dz 


. 1 5 lx 
(25) T= (ki ths)ethe'y, = hiz—ke'y, = kez. 


As in Appendix 1, these equations may be integrated to yield expressions 
for z, y and a as functions of t. However, equations (6)-(9) can be obtained 
in a more direct way. For this purpose we write: 


(26) dy = dy/dt pa kiz- holy : ki(1 —a) — (ki +ke dy) 

a da dx/dt k3z k3(1 — ax) — kay 
For t=0(x=y=0) equation (26) is reduced to: 

On k 

(2 7) so= i: 


while for t=oco(a=1, y=0) the application of de l’Hospital’s rule results 
in the quadratic equation 


(28) gi ee 
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In view of condition (3) only the negative root of (28) can be used: 


99 5 kithe!—ks _ \/ Jeri’ ha? 
(29) l<s)= Sey ery V/( The y+ En: 


In order to integrate (26), this equation is transformed into: 


ky ky ky +he! y 


(30) dy a i is ie il —@ 
dx 1 y : 
T£z2 


Introducing the new variable 
, ree SU : d 
(31) ea with 4 =(1-a)* —u 


we obtain from (30) and (31) 


>, A +ke' —ks 7 hy 


(32) (eg = eee 
u—l 
Since 
k a ey Aah Pe 
(33) = and oe, 
C3 Si 


equation (32) can be changed into: 


du u®+(81—80/81) U— 80 — (w+81) (U— 80/81) 


2 SS 


dx u—l u—l 
Hence 
dae (u—1)du 
l—x# (u+s) (u—o/s1) 
and thus: 
2 . , %\ de  1+a,  1—8o/a1 
(34) (a+ 2) =e pea 


With the boundary conditions 


t=0,x=y=0, u=0 


the integration of (34) yields: 
— (s + *) In (1—2) = (1+) In (i+ “)— (1-2) In(1- *u). 


Resubstituting (31) and re-arranging the resulting expression, we finally 
obtain equation (8). The maximum value of y is easily derived from 


(26) and (8): 


Inserting this value into (8), we arrive at equation (9). 
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PALEONTOLOGY 


SOME EARLY ROTALITD FORAMINIFERA. I 
BN 
C. W. DROOGER 


(Communicated by Prof. G. H. R. von KoEntGSWALp at the meeting of Febr. 27, 1960) 


Abstract. Some species of Foraminifera from Paleocene beds of French Guyana 
are described in detail: Rotalia hensoni SmMour, R. cf. sigali DroocEr, Storrsella 
haastersi (VAN DEN Boup), Lockhartia haimei (Davies), Smoutina cruyst D.Sp. 
and Ranikothalia soldadensis (VAUGHAN and Coun). Unquestionable representatives 
of Lockhartia are for the first time reported from America. The genera Smoutina 
and Storrsella are new. The features of our R. soldadensis recommend the distinction 
of the genus Ranikothalia. 

A discussion of classification and possible phylogenetic relations of rotaliid 
Foraminifera is followed by a determination key to the genera. 


INTRODUCTION 


In a number of borings near the mouth of the Maroni River in the 
northwestern part of French Guyana (South America), a series of 
10-45 metres of hitherto unknown marls and limestones was encountered 
in between the Quaternary covering and the basement rock. Several 
samples of the marls were found to contain well-preserved microfaunas 
(CRuys, 1959). In addition to about a dozen species of Ostracoda and 
about an equal number of species of smaller Foraminifera, four species 
of ‘larger’? Foraminifera were found in variable, but usually high quan- 
tities. Especially these larger Foraminifera provide a fairly exact age 
determination of this Basses Plaines formation as Paleocene, since the 
species give the possibility of direct correlation with deposits in other 
parts of Central America and also with some deposits in India and around 
the Persian Gulf. The age determination is supported by the associations 
of the smaller Foraminifera (with Asterigerina texana (STADNICHENKO), 
several types of the genus Boldia, and representatives of the groups of 
Anomalinoides danica (BrotzEN) and A. midwayensis (PLUMMER)), and 
of the Ostracoda with, as the most common elements, the groups of 
Buntonia alabamensis (Howe and Pys#art), Hermanites bassleri (ULRICH) 
and Clithrocytheridea tombigbeensis (STEPHENSON). . 

The investigated samples, twelve altogether, come from depths between 
25 and 100 m of three of the borings: XF-TP, XF-15 and XF-16 
(see fig. 1). A stratigraphic description of the sediments of these borings 
was published by Cruys (1959). An account of the entire microfauna 
will be given by the present author in the near future. 


19 Series B 


Fig. 1. Sketch map of the Mana region, NW French Guyana, with the location 
of the investigated borings. The approximate southern limit of extension of the 
Basses Plaines formation is given as a dashed line (after H. Cruys, 1959). 


Sincere thanks are due to Dr. F. BLONDEL, director, and Dr. P. BucHor, 
chief geologist of the Bureau Minier Guyanais (Paris) for the authorization 
to publish the details of this fauna, and to Dr. H. Cruys (Cayenne) 
for the careful sampling and the necessary field information. Dr. A. H. 
Smovut (London) and Prof. W. Storrs CoLe (Ithaca, N.Y.) gave valuable 
advice on some of the species, but they are by no means responsible for 
the present text and its conclusions. 


SYSTEMATIC DESCRIPTION 


Only the rotaliid Foraminifera of the Basses Plaines formation will 
be dealt with. Also two species from the collections of VAN DEN BoLp 
from the Paleocene-Lower Eocene series of Guatemala and British 
Honduras will be redescribed. One of these species is represented in the 
Guyanese material. The family groupings within the Rotaliidea are 
considered to be too much a matter of conjecture, they have therefore 
been entirely omitted. 


Genus Rotalia Lamarck, 1804 


Since the description of various details of the type species, Rotalia 
trochidiformis, by Davins (1932), Smourr (1954) and Rerss and MERire 
(1958) canal systems and other fine structures are more and more 
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considered as important features for the disentangling of this heterogeneous 
group. In our opinion this has thus far not been very successful. As for 
the literature, various misinterpretations of the canal systems appear 
to add to the confusion. 

At present four generic names are the ones most commonly used: 
Rotalia LaMaRCK, Ammonia BRUNNICH (=Streblus Fiscupr, —Turbinulina 
Risso) with the type species Nautilus beccarii Linn, Neorotalia BERMUD EZ 
with the type species Rotalia mexicana Nurraty, and Pararotalia Y. LE 
CaLVEZ with the type Rotalina inermis TeRauEM. All these genera are 
characterized by a trochoid simple spiral. On the dorsal side the whorls 
are widely evolute, all of them visible, if not covered by excess shell 
material. Ventrally the last coil surrounds an umbilical mass which 
continues in the interior towards the first chambers. The ventral side 
of the sutures is more or less fissured. 

The type species of Rotalia has a ventral spiral canal around the 
fissured umbilical mass, whereas such a canal would be absent in Ammonia 
(beccarii), because the umbilical spiral fissure has not become blocked 
by calcareous deposits of the later whorls. According to BERMUDEZ 
(1952, p. 76) the genus Neorotalia would differ from Ammonia in the 
appearance of the wall. This wall is vitreous in Ammonia, dull and opaque 
in Neorotalia. The latter genus would range from Late Cretaceous to 
Oligocene, while it is replaced by Ammonia from the Oligocene up to 
recent time (BERMUDEZ, p. 72). Pararotalia was considered to be charac- 
terized by an areal aperture, i.e. not reaching the base of the apertural 
face of the final chamber (LOEBLICH and Tappan, 1957). 

These differences are either dubious or very hard to observe. The 
appearance of the wall as the main difference between Ammonia and 
Neorotalia may very well be due to the state of preservation of the 
individuals. In general, older and more fossilized specimens tend to 
have the originally vitreous wall transformed into a wall which is dull 
and opaque. Moreover, the separation in time of these two types of wall 
cannot be confirmed by our own observations. Although the majority 
of older species do possess a dull wall, for instance in part of the 
individuals of Rotalia cf. sigali from the Guyanese Paleocene, the wall 
is vitreous. On the other hand, we frequently observed Neogene specimens, 
in our opinion belonging to the Rotalia beccarii group, in which the wall 
is Opaque. 

KAASSCHIETER (1955, 1960) and Barsns (1958) considered Pararotalia 
insufficiently distinct, in as much as the position of the aperture appeared 
to them a subordinate feature of great individual variation in the Eocene- 
Miocene group of European species with Rotalia audouinm, R. armata, 
R. canui, R. inermis, R. spinigera and R. calvezae. Actually, the areal 
aperture is mainly observed in earlier chambers of the individuals. The 
areal position may be seen as a consequence of the additional basal rim 
of the septal flap to an originally interiomarginal aperture. Accordingly, 
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Horker (1957b) and Reiss and MERLING (1958) claim Neorotalia to be 
a synonym of Pararotalia. 

Also the quoted differences between Rotalia and A mmonia are hardly 
useful. First, it is evidently often difficult to observe the exact structure 
of the spiral canal or fissure, as may be concluded from the discussions 
by Davres (1932), BARKER and GRIMSDALE (1937), Smout (1954), REISS 
and MERLING (1958) and HorKeEr (1958b). The statements are sometimes 
even contradictory. Actually, the cavities between the central mass, the 
umbilical free part of the septal flap and the more or less developed 
umbilical lip of the ventral chamber wall with its additional lamellae, 
which together form the spiral canal or fissure, are greatly variable in 
size and shape. Moreover, it is very difficult or even impossible, to decide 
whether the spiral fissures of fossil specimens are blocked or not, and if 
blocked, whether this has been done by the animal itself or by a later 
filling from the outside during fossilisation. This could, for instance, not 
be decided with certainty for our individuals of Rotalia hensoni. 

The above discussion seems to be a plea for leaving all species in the 
single genus Rotalia, as it is frequently done. Although submitting to 
it in this paper we are nevertheless convinced that the genus is 
heterogeneous. 

In the Early Tertiary there are at least two groups included in Rotalia 
s.l. that may be differentiated by the characters of the umbilical mass. 

There is the group of Rotalia trochidiformis, the type species, in which 
the umbilical mass is fissured, the grooves being continuous with the 
more or less developed sutural fissures of the ventral side. There is no 
deep, open, circular fissure separating the umbilical filling from the 
surrounding chambers, but the ventral surface of the chambers is confluent 
with that of the umbilical mass. At least in R. trochidiformis the well 
developed umbilical lips and flaps nearly entirely cut off a series of ‘“‘astral 
lobes”, which form the described spiral canal and which communicate 
with the chamber cavities. Also R. vanbelleni (see below) clearly belongs 
to this group of real Rotalia species, which group probably was not very 
great, and may even have been restricted to the Late Cretaceous and 
Karly Tertiary. 

In the second group the sutural furrows open into a deep circular 
fissure, which borders an umbilical mass. This mass is not fissured, though 
it may superficially consist of a number of welded, rounded knobs. 
evidently without deep fissures in between. Individuals with one continuous 
plug, and others with a number of welded bosses, may occur together in 
a single species and in the same population. The chamber cavities again 
open at their umbilical ends into the spiral fissure. The umbilical flap 
(toothplate) is variously developed, possibly absent in several forms. The 
umbilical lips are also less well developed, overlying spaces that are 
widely open towards the circular fissure. Often these umbilical tips of 
the ventral chamber walls may be thickened and imperforate, in extreme 
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cases resulting in a series of knobs along the spiral fissure. Whether this 
fissure has been blocked in its deeper parts by secondary deposits formed 
during life, thus leaving a buried spiral canal, could not be decided in 
the few sections of R. hensoni in our material. 

This second group certainly comprises R. algeriana MaGNni and Sica 
and R. primitiva CusHMAN and Brermupgz from the Late Cretaceous, 
R. hensonti SMour and R. sigali Drooaer from the Paleocene, and 
R. cushmani AppLin and JorDAN and R. orientalis Cusuman and 
BERMuDEZ from the Eocene, to cite but a few examples among the older 
species. Apart from the special apertural features, the diagnostic value 
of which is considered doubtful, the Pararotalia group (LopBLicH and 
Tappan, 1957) seems to fit in completely. Probably these groups 
correspond for the greater part with Neorotalia, as Smout (1955) inter- 
preted it, who thought that this was the primitive and persistent stock 
of the Rotaliidae. Also the group around the Oligo-Miocene R. mexicana 
(= Neorotalia BERMUDEZ) is likely to belong here and even part of the 
still younger group of Ammonia species, but in these younger groups the 
limits with Rotalia s.str. become more indistinct. In many of these species 
the umbilical filling consists of a number of closely set rounded bosses, 
the exact nature of which has not yet been investigated. Even in the 
group of Rotalia beccarii the umbilical filling may vary from entirely 
absent to a pattern resembling that in R. trochidiformis. It is furthermore 
quite possible that new lineages added to the confusion, such as forms 
that may have descended from our Smoutina group (see below). 

At the moment no simple method can be advanced for a subdivision 
of Rotalias.|.. The importance of many observations on detailed structure 
in this group has evidently been overstressed by too rapid generalizations. 
Detailed re-investigations of nearly all described species are needed. 
Probably relations and structures will appear to be much more complex 
than outlined here. 


Rotalia hensoni SmouT 
Pl. 1, fig. 1-6 


Rotalia hensoni SMout, 1954, p. 45, pl. 15, fig. 8. 


Occurrence. This species was encountered in boring XF-16 only, 
where it is rare to frequent in several samples. The specimens have a 
moderate state of preservation. 


Description. The dorsal side forms a low cone, usually with not more 
than two whorls visible, the earlier one of which often forms a slightly 
more elevated part. Generally only the later sutures are apparent. They 
are oblique and curved. The ventral side is flattened, occasionally slightly 
concave, more often somewhat inflated. There is a central plug of variable 
size, which is mostly entire, but which may show some shallow, fairly 


292 


broad depressions. The plug is often strongly protruding and it is limited 
by a deep circular furrow, which in some “weathered”? individuals is of 
extreme depth. The ventral sutures are radial, somewhat curved, with 
deep grooves near the umbilicus, which gradually narrow and shallow 
towards the periphery. Close to this fairly sharp border the sutures are 
generally flush with the surface and somewhat more curved. The wall 
of the umbilical part of the chambers is often thickened and imperforate, 
which gives the test an Asterigerina-like appearance. The remainder of 
the opaque walls is finely perforated. Ventrally six to eight chambers 
are visible in the last convolution. Usually no external opening could be 
ascertained, but in a few specimens there is an elongate, basal opening 
towards the umbilicus, opening into the circular umbilical fissure and 
the proximal part of the anterior sutural fissure. It is covered by an 
umbilical lip as an extension of the ventral chamber wall. In broken 
specimens earlier chambers are seen to have a separate basal intercameral 
foramen farther towards the periphery. 

A small number of sections revealed but few additional details. The 
septa are clearly double. Buried sutural fissures of earlier whorls were 
seen to be connected with the circular umbilical fissure. 

There are distinct widenings of this umbilical fissure below the lips of 
the ventral chamber walls. Fairly clear are the communications between 
the chamber cavities and these widened areas of the spiral fissure, through 
fairly wide passages in the umbilical flap in anterior direction. The nature 
of the lime blocking all deeper parts of the spiral fissure could not be 
checked. It seems to cut off the connections of the earlier chambers and 
sutural fissures. Hence, it may be extraneous, deposited after death. 
The umbilical mass appeared to be solid, its furrows being very superficial. 

The observed dimensions of the test are: 


XE-16, 81-82 m 86.40 m 
LLISOTIED Ao ki GY noe) oh ge Soe 0.30—0.80 mm 0.50—0.90 mm 
MOISTURE & >i .ty ald, he te iS ei ee 0.25-0.35 mm 0.30—0.40 mm 


Specific determination. The observed features and dimensions of our 
specimens very closely agree with those of Smout’s species of Qatar. 
Other species resembling our individuals usually differ in minor details, 
such as a greater number of chambers in the final convolution (R. cushmani 
ApPLIN and JorDAN, R. algeriana MaGNe& and Sicau, R. sigali DROOGER). 
R. hensoni clearly belongs to the Pararotalia-Neorotalia group. 


Age. In Qatar R. hensoni is only known from the Paleocene, zone 2. 


Rotalia cf. R. sigali DrooGrrR 
Plal,- fig. 7 


Cf. Rotalia sigali DroocEr, 1952, Contrib. Cushman Found. Foram. Res., vol. 3, 
p- 99, pl. 15, fig. 36, 37. 
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Occurrence. Rare to frequent in XF-15, 62 m and 67.50 m. 


Description. Our relatively few and minute specimens (diameter up 
to 0.25 mm) are of variable state of preservation. Part of them are opaque, 
showing very few details, others are better preserved with more or less 
vitreous, distinetly perforated walls. The general shape of the test ranges 
from planoconvex to biconvex, with the dorsal side most elevated. The 
dorsal spiral is widely evolute, usually showing more than two coils. 
The sutures are strongly oblique and slightly curved, commonly somewhat 
depressed. The periphery is narrowly rounded. The ventral sutures are 
radial, somewhat curved, and in the later part also depressed. There is a 
central umbilical mass of greatly variable size, usually consisting of a 
number of closely set, rounded pustules. It is surrounded by a somewhat 
irregular depression of variable width and in the most distinct individuals 
very deep. The visible depth is probably connected with the state of 
preservation. The circular furrow shows extensions along the sutures, 
usually not far and rapidly shallowing. The umbilical ends of the ventral 
chamber walls may bear small knobs. There is a low aperture towards 
the umbilical end of the base of the final chamber, partly adjoining the 
spiral fissure. There are seven to twelve chambers in the final coil. 


Specific determination. There is a general resemblance with R. sigali 
from Algeria, but the difference in size, the North African forms being 
larger (up to 0.45 mm) renders a comparison of our few specimens too 
difficult. The possibility cannot even be precluded that our R. cf. sigala 
individuals are small variants of R. henson of the other samples. 


Age. &. sigali was described from beds with Hxogyra overwegi, Cardita 
beaumonti and Roudaireia drui, which deposits were considered to be of 
Danian-Paleocene age, but which, according to other authors, still belong 
to the Late Maastrichtian (EMBERGER, MaGn&, REYRE and SiGAL, 1955), 


Rotalia vanbelleni (VAN DEN BoLp) 
Piet s8...0 


? Cibicides vanbelleni VAN DEN Boxp, 1946, Contrib. Study Ostracoda, p. 125, 


pl. 18, figs 8. . 
not Siderolites vanbelleni (Van den Bold), Brown and BRoNNIMANN, 1957, Micro- 


paleont., vol. 3, p. 31, pl. 1, fig. 4-6, textfig. 5-10. 


This species of VAN DEN Bop’s Guatemala collections is not represented 
in our Guyanese material, but since its features were recently misinter- 
preted by Brown and BRonNIMANN, it is shortly dealt with in order to 


complete the type description. 
The original material in the collections of the State University of 


Utrecht consists of only some ten specimens, which are rather ill-preserved. 
It is occasionally impossible to separate them from the equally indistinct 
Asterigerina texana (STADNICHENKO) of the same collection. 
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Description. The dorsal side is slightly convex, the ventral side fairly 
high, conical to semiglobular, the periphery narrowly rounded. The 
ornamentation is variable. The ventral umbilical region is always 
distinctly fissured, the narrow furrows leaving a number of polygonal 
to elongated raised structures. There is no distinct circular depression 
around the umbilical filling, but its fissures are continuous with those of 
the sutures between the chambers. The depth of these sutural grooves 
could not be verified; often they are only apparent for a short distance 
away from the umbilical mass. The remainder of the ventral surface may 
be smooth, faintly showing the moderately curved sutures and the coarse 
pores. The other extreme in the variation range, which is more common, 
shows an ornamentation consisting of pustules, decreasing in size towards 
the periphery. This ornamentation is seen to begin with double rows 
of beads along the sutures and then filling more irregularly the remaining 
surface in between. 

The whorls are dorsally widely evolute, but usually only the last few 
chambers are distinct. The sutures are somewhat limbate, curved and 
more or less oblique. To a slight ventral ornamentation corresponds 
smooth dorsal surface. In these specimens the later sutures, also the spiral 
one, may be slightly depressed. The central part of this side is obscured 
by thickening of the wall in these individuals. Commonly the dorsal side 
is again ornamented with low pustules, which are largest in the central 
area. On the final chambers the beads may again be present as double 
rows along the sutures only. 

If at all present, the aperture is obscured in our specimens. No sections 
were made, but in broken individuals the septa appeared to be double. 
Fissures seem to be restricted to the ventral central mass and the sutural 
parts directly around it. 

Unfortunately, the material of several of VAN pEN Boxtp’s samples 
had got mixed up, so that it is uncertain whether the described variation 
is valid for assemblages of single samples. 


Specific determination. R. vanbelleni evidently does not belong to the 
group of both previously described Guyanese species. In general features 
it much better resembles the type species of Rotalia, R. trochidiformis 
from the Eocene of the Paris basin. It is specifically different in several 
details, such as the high ventral side and the surface ornamentation that 
usually occurs over nearly the entire outer surface. 

Regarding description and figures, Siderolites vanbelleni, described by 
Brown and BRoNNIMANN (1957) from Cuban Late Cretaceous deposits 
is certainly not conspecific with Rotalia vanbelleni from Guatemala and 
British Honduras. There are no indications for the presence of peripheral 
spines in the individuals of the latter species, and also in other features 


there is considerable difference as may be seen from a comparison of the 
descriptions and figures. 
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Age. VAN DEN Botp recorded his species from several samples of 
the Paleocene-Lower Eocene series of Guatemala and British Honduras. 
As for the accompanying fauna of Foraminifera and Ostracoda there is 
no reason to regard this general age determination as doubtful. 


Genus Storrsella n.gen. 
Type species. Ctbicides haastersi VAN DEN BoLp 


Etymology, The genus is named in honour of Prof. W. Storrs CoLE 
(Ithaca, N.Y.), whose numerous well-illustrated papers on larger Fora- 
minifera added substantially to our knowledge. 


Diagnosis. Test reversed trochoid with lamellar walls of radial structure. 
The chamber cavities of the simple spiral are dorsally more involute than 
ventrally. The umbilical centre of the dorsal side may be ornamented 
with one or more fused knobs, with some radial canals in between. The 
ventral umbilical area shows a reticulate pattern of grooves, which 
continue into those of the sutures. The umbilical mass is entirely fissured ; 
possibly the chamber cavities communicate with these fissures through 
narrow openings. No distinct, prominent spiral canal was observed, 
though the presence of an astral furrow in some specimens suggests that 
umbilical flaps and lips may seperate such a structure. The basal inter- 
cameral foramen is median to ventral. 


Remarks. This simple genus differs from nearly all others among the 
Rotaliidea in the reversed trochoid character of the test, in which the 
chamber cavities are most involute on the dorsal side. It is the main 
difference from Rotalia s.str. (R. trochidiformis group). Possibly both 
genera possess a more or less developed ventral spiral. canal consisting 
of a series of astral lobes. The genus Fissoelphidium SmMout. shows the 
same fissures in the sutures and the umbilical mass, but these features are 
found at both sides of this planispiral genus. There is some superficial 
resemblance with the early Paleocene Daviesina species (D. danieli SMout, 
1954, p. 69, pl. 7, fig. 15-17), which is normally trochoid, however. The 
reversed trochoid character also occurs in Laffitteina MARIE (MARIE, 1945; 
DroocerR, 1952, who misinterpreted dorsal and ventral sides), but this 
genus has no fissured umbilical mass, and the intraseptal spaces commu- 
icate with the exterior through pores. The resemblance with Cibicides 
Monrrort is only superficial. 

Probably other species, described as Cibicides or Rotalia, belong to 
this new genus. For instance, R. capdevilensis CUSHMAN and BERMUDEZ 
(1947, p. 25, pl. 6, fig. 1-3) from the Lower Eocene of Cuba, has the 
general appearance of Storrsella. Also Lockhartia roestae (VIssER) from 
the Campanian-Maastrichtian of Europe (HorKker, 1955a, 1959) shows 
the reversed trochoid character of our new genus. Too few details of these 
species are known for a more certain opinion, however. 
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Storrsella haastersi (VAN DEN BOLD) 
Pl: 1, fig. 10, pl. 2, fig. 1-12 


Cibicides haastersi VAN DEN Boxp, 1946, Contrib. Study Ostracoda, p. 125, pl. 18, 
fig. 9. 


Occurrence. This is the most common species in the Guyanese material, 
occurring in all three borings. It is frequent in nearly all samples, 
occasionally it is abundant. 


Description. The shape of the test shows considerable variation. The 
dorsal side is more or less convex; usually it is a low cone. It only shows 
the chambers of the last coil, which are narrow, elongated and curved. 
They nearly reach the centre, encircling a small, somewhat inflated boss, 
which may consist of a small number of fused and indistinct, low knobs 
or granules. The sutures are generally somewhat raised, but at the other 
end of the observed range of variation they are slightly depressed between 
the last few chambers. 

The ventral side shows greater variation, ranging from convex to flat 
and even slightly concave. Young specimens are usually plano-convex, 
adult ones more compressed and ranging from biconvex to concave- 
convex. At the ventral side the chambers of the last whorl are clearly 
visible with distinct, curved sutures in between. In_ well-preserved 
specimens the sutures are seen to contain fissures, which begin close to 
the periphery and deepen towards the centre. The fairly wide central 
area shows an umbilical mass cut down according to a reticulate pattern 


PLATE 1 
a, ventral view; 6, dorsal view; c, peripheral view. 


Figs. la, b, c. Rotalia hensoni SmMout. XF-16, 86.40 m. x 28. 

Figs. 2, 3. Rotalia hensoni SMour. Ventral views of specimens showing the ventral- 
umbilical aperture. XNF-16, 81-82 m. » 45. 

Fig. 4. Rotalia hensoni Smour. Ventral view of a specimen with the last few 
chambers broken off. In addition to a labial aperture in anterior direction, 
the separate intercameral foramen can be seen. XF-16, 81-82 m. x 45. 

Fig. 5. Rotalia hensoni Smour. Horizontal half-seetion showing the connections 
of the chamber cavities and the septal fissures with the spiral fissure. 
XF-16, 81-82 m. x 465. 

Fig. 6. Rotalia hensoni Smour. Axial half-section showing the deep spiral fissure 
and the umbilical flaps, lips and openings of some of the chambers. 
XF-16, 81-82 m. x 465. 

Figs. 7a, 6, c. Rotalia ef. R. sigali Droocer. XF-15, 67.50 m. x 90. 

Figs. 8a, b, c. Rotalia vanbelleni (VAN DEN Boup). Holotype of ? Cibicides van- 
belleni VAN DEN Boup. Paleocene-Lower Eocene series of Guatemala, 
Utrecht coll. no. 8. 12621. x 45. 

Figs. 9a, b, c. Rotalia vanbelleni (VAN DEN BoLp). Smooth variant. Paleocene- 

Lower Eocene series of Guatemala. < 45. 
10a, 6, c.  Storrsella haastersi (VAN DEN Boup). V 134, Paleocene-Lower 
Kocene series of Guatemala. x 45. 


Figs. 
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of narrow grooves into more or less polygonal, flattened pustules. These 
fissures commonly continue into those of the sutures. Some elongated 
pustules with fissures alongside may occur between the umbilical mass 
and the simple sutural groove. Especially towards the periphery the 
sutural furrows are often seen to send tiny shallow branches to either 
side some way over the outer surface of the chambers. In part of the 
specimens this feather-like structure is apparent from weak costae or 
elongated granules on the chambers alongside the sutures. On earlier 
chambers the grooves from anterior and posterior directions may join 
in a radial groove over the middle of the chamber wall. 

The periphery is sharp to narrowly rounded. The surface of the test is 
smooth. Its finely granular appearance, especially of the ventral side, is 
probably due to fossilisation. The opaque walls are finely perforated. 

The range of variation of the diameter of the test is not the same in 
all samples. As a whole it is from 0.40 mm to 1.10 mm; the corresponding 
thickness varies from 0.15 mm to 0.45 mm. In some samples (XF-TP, 
34 m; XF-16, 81-82 m and 86.40 m) the average type is a little more 
compressed than it is in the other samples. The number of chambers in 
the final coil increases rapidly with increasing size, but for each size group 
it shows considerable variation. The average changes from about 12 at 
a diameter of 0.4 mm to about 25 at a size of 1.0 mm. 

The axial and horizontal sections show that there are basal inter- 
cameral openings, which are median to ventral (at the least involute side). 
Such an opening was never clearly observed in a final chamber, which 
may be due to the state of preservation of the material, however. Dorsally 
the chamber cavities show much longer alar prolongations than they do 
on the ventral side. The septa are double. The ventral intraseptal fissures 
diminish rapidly in width towards the dorsal side, where they are either 
absent or so thin as to be no longer noticeable. The intraseptal fissures 
continue into the reticulate fissure pattern of the umbilical mass. The 


PLATE 2 
Storrsella haastersi (VAN DEN BoLp) 
All figures * 45. a, ventral view; b, dorsal view; c, peripheral view. 

Figs. la, b, ce. Holotype of Cibicides haastersi VAN DEN Botp. V 134, Paleocene- 

Lower Eocene series of Guatemala. Utrecht coll. no. S 12619. 
Figs. 2a, b, c. Planoconvex individual. XF-TP, 34 m. 
Figs. 3, 4. Ventral sides of biconvex individuals from XF-16, 81-82 m, and 
XF-TP, 34 m, respectively. 
Peripheral view of a broken specimen showing the intercameral foramen. 
XE TP. 28 om. 
Figs. 6-9. Horizontal half-sections at different heights of the spiral. All from 

A -T'P, 28 mm. 
Figs. 10, 11. Axial half-sections. Both from XF-TP, 28 m. 
Figs. 12, 13. 
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Oblique half-seetions, more or less at right angles to the dorsal 
spiral wall. Both from XF-TP, 28 m. 
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fissures of the latter are deep and continuous to the proximity of the 
chamber cavities, either uninterrupted throughout, or changing in position 
in the calcareous material of the successive whorls. Occasionally the 
fissures show a slight spiral arrangement in the outer part of the umbilical 
mass. It is not fully clear whether and in which way the chamber cavities 
communicate with the fissure system. Vertical sections often suggest that 
there are narrow elongated connections at the base of the chamber 
cavities, which may open sideways into the septal fissures. But such 
connections were not clearly discernible in the horizontal sections. 

To neither side is there a prominent spiral canal. Some vertical sections 
suggest the presence of an umbilical flap or toothplate close to the 
umbilical mass, but there are only faint indications of a corresponding 
spiral canal. The excessive ornament of the umbilical region may obscure 
the astral furrow, which is clearly visible in some specimens from 
Guatemala. 

The granules of the central part of the dorsal side appear to be super- 
ficial. The umbilical mass is fairly thick at this side too. It is not fissured, 
but it shows distinct pores, some of which become so wide towards the 
exterior as to deserve the name of vertical or radial canals. 


Specific determination. The original material of Cibicides haastersi, 
stored in the paleontological collections of the State University of Utrecht, 
is of a different kind of preservation. The specimens are more worn, and 
thus nicely show the feathered sutural grooves and the umbilical fissures. 
The dorsal boss is generally bigger, more granular and often surrounded 
by a somewhat depressed spiral suture. The periphery is commonly more 
rounded, Again probably due to the worn character of the test the ventral 
pustules are usually more rounded or partly obscured, and less numerous. 
Some specimens show a shallow depression in the ventral chamber wall, 
which in other rotaliid species corresponds to the astral furrow. the place 
of infolding of the umbilical flap. In our Guyanese specimens this furrow 
is probably situated below the outermost fissures of the umbilical mass. 
The size of VAN DEN BOLD’s specimens is comparable to that of the 
specimens from Guyana; the holotype is the biggest individual with a 
diameter of 0.88 mm and a thickness of 0.35 mm. Regarding the size, the 
number of chambers in the final convolution of 12 to 18 is also about 
identical. Also in the variation of the general shape there is a fair 
resemblance. Because of the scarce material no sections were made. 
Since most of the minor differences are probably due to differences of 
preservation, our Guyanese specimens are considered conspecific with 
those of VAN DEN Boup. 


Age. Cibicides haastersi has been described from the Paleocene-Lower 
Kocene series of Guatemala and British Honduras, and according to 
Van DEN Boxp from the Early Eocene deposits. The latter narrower age 
determination is considered debatable since it was based on the knowledge 
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in 1946 of the stratigraphic distribution of some Ostracoda species. In 
our opinion there is no sufficient reason to exclude a Paleocene age for 
the occurrences in Guatemala and British Honduras, which age is con- 
sidered the most likely one for the Guyanese fauna. 


To be continued 


PALEONTOLOGY 


SOME EARLY ROTALIID FORAMINIFERA. I 
BY 


C. W. DROOGER 


; [OEN seting of Febr. 27 ; 
(Communicated by Prof. G. H. R. voN KOENIGSWALD at the meeting of Febr. 27, 1960) 


Genus Lockhartia Davies, 1932 
Lockhartia haimei (DAvIgs) 


Pl. 3, fig. 1-10 


Dictyoconoides haimei Davies, 1927, Quart. Jour. Geol. Soc., vol. 83, p. 280, pl. 21, 
fir. 138-15, pl. 22, fig. 6. 
Lockhartia haimei (Davies), SMout, 1954, p. 49, pl. 2, fig. 1-14. 
Occurrence. The species is rare in several samples of the borings 
XF-15 and XF-16, abundant only in XF-15 at 62.50 m. 


Description. In sample XF-15, 61.50 m, the individuals have a 
diameter of 1.4-2.3 mm, with a thickness of 0.9-1.2 mm. The smaller 
specimens usually show an apical angle of 90-120° and a more or less 
flattened umbilical side. The bigger ones are rather irregularly biconvex, 
the dorsal cone being rounded and 120—160°, the umbilical side inflated 
with a more flattened central part. 

This central part of the ventral side is occupied by numerous polygonal 
to rounded pustules with narrow fissures in between. In well-preserved 
specimens rounded openings can be observed in the fissures, commonly 
situated near the angles of the pustules. The size of the pustules 
(60-125 uw) shows little variation per individual; the average generally 
increases with the size of the specimens. Sometimes part of the pustules 
are vermicular. Along the periphery the umbilical side has a smooth 
band of variable width, showing some of the sutures between the chambers 
and the coarse perforation of the wall. In most individuals the final 
chambers have been broken off. In some big ones the end of the spiral 
is indistinct at this side, in others it is visible by a slight bulge. In complete 
specimens no basal aperture was observed. 

The apical or dorsal side is generally more elevated and conical in 
smaller individuals than it is in bigger ones. The ornamentation is highly 
variable, also in each specimen from the centre to the periphery. 
Commonly the wall of the final whorl only shows coarse pores and distinct 
sutures. The latter are often marked by a series of larger pores to either 
side of an imperforated band. Following the coils towards the centre 
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the pores become larger, first of all those along the sutures. This finally 
results in an irregularly reticulate pattern of ridges and rounded pustules 
with large and deep depressions in between. The reticulation, coarsest 
near the centre, often becomes independent of the sutures. though part 
of the ridges and pustules may still be seen to have an arrangement along 
the spiral and chamber sutures. 

In sample XF—15, 62.50 m, the more numerous, but smaller individuals 
range in diameter from 0.6 to 1.3 mm, and in thickness from 0.5 to 
0.9 mm. Commonly they are biconvex to planoconvex; in very small 
specimens the ventral side may even be the most elevated one. The 
umbilical pustules are often rounded and smaller towards the periphery. 
The ornamentation well resembles that described for the individuals of 
the previous sample. Dorsally it occasionally reaches the periphery, a 
smooth band thus being absent. The sutures may be slightly depressed 
on both sides. 

Broken individuals of both samples show an elongate, basal inter- 
cameral slit at the ventral side. Some ten specimens, the umbilical filling 
of which had been broken out, show the trochoid spiral. The protoconch 
is variable in diameter, from 175 to 300 w; the number of coils of these 
relatively small specimens varies from one to two and a half. The number 
of chambers in the last coil varies from 9 to 14; this number somewhat 
increases with increasing diameter of the individuals. The thick spiral 
wall shows numerous distinct pores. There are no traces of intraseptal 
canals in these broken specimens. Intraseptal shallow fissures seem to be 
present only on the ventral side near the central mass. These open 
depressions continue into the fissures of the umbilical mass; they were 
observed in only some of the individuals and only between the last-formed 
chambers; those of earlier septa have evidently been filled or covered. 
Umbilical flaps are clearly present, leaving a spiral canal that is continuous 
with the umbilical cavities. 

Several axial sections show that the trochoid spiral is arranged towards 
the dorsal surface. The cavities of the chambers, which are rounded to 
subquadrate in section, are evolute on both sides, most strongly so on 
the apical side. The umbilical mass has the same internal shape as the 
apical cone. It shows a fairly irregular system of cavities, among which 
horizontal and vertical directions are predominant. The cavities occupy 
about half of the total volume of the umbilical mass. They clearly 
communicate with the exterior through the rounded openings in the 
fissures of the central shield. Their connection with the chamber cavities 
is less clear. Some sections and broken specimens suggest that there are 
narrow communications at the base of the chambers below the umbilical 
flap; in some broken specimens a small number of larger pores were 
observed at this place, in others again nothing could be seen, which 
may be due to the state of preservation of the material. 
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Generic determination. This is the first time that the genus Lockhartia 
is clearly demonstrated from the western hemisphere. Up till now it had 
been known from Paleocene and Eocene deposits of southern Asia and 


eastern Africa. 


Specific determination. A detailed thorough review of the Lockhartia 
species of India and Qatar was recently given by Smour (1954). The 
variation of our specimens overlaps that of three of SmoutT’s species 
without the possibility of a definite choice. This mainly concerns 
L. haimei (Davies) and L. diversa Smour. 

In our material the biconvex shape of L. diversa and the more plano- 
convex appearance of L. haimei are about equally represented. The 
reticulation of the dorsal side of L. diversa is found again in most of our 
individuals, but generally it does not cover the entire apical surface as it 
is typical for L. diversa. According to SMouT such partly smooth surfaces 
were found in his material among the older, more primitive specimens 
of L. diversa. The dorsal spiral ornamentation of L. haimei is also 
represented, but it is never so clear and prominent as it was figured by 
SmovuT in his individuals of Qatar. The ornamentation of the umbilical 
side shows that of the types of both species; but there are never radiating 
bands on the last chamber, as there are in L. diversa. The pattern of the 
umbilical cavities in axial section is more or less intermediate, just as is 
the average angle (70°) between the septa and the spiral sutures. The 
ratio diameter/thickness is fairly high, which rather corresponds to that 
of L. haimei, whereas the diameter of the protoconch is closer to that 
of L. diversa. 

All these differential features, mentioned by Smour for his two species 
occur in various combinations in our material. Hence, there is no variation 
from a L. haimei type to a L. diversa type, but a complex mixture of 


PLATE 3 
Lockhartia haimei (DAviEs) 
All figures x 27. a, ventral view; b, dorsal view; c, peripheral view. 


Figs. la, b, c; 2a, 6, c; 3a, b,c. Individuals of different size from XF-15, 62.50 m. 

Fig. 4. Ventral side of a big specimen showing the pores in the umbilical fissures. 
XF-15, 61.50 m. 

Fig. 5. Ventral view of a specimen, the umbilical mass of which has been broken 
out. XF-15, 62.50 m. 

Fig. 6. Peripheral view of a broken specimen showing the basal intercameral 

openings and some larger pores in the umbilical top of one of the chambers. 

XF-15, 61.50 m. 

Peripheral view of a broken specimen showing the irregular cavities of 

the umbilical mass. XF-15, 62.50 m. 

Figs. 8-10. Axial half-sections showing the pattern of the umbilical cavities and 
their communications with the chambers and with the openings in the 
umbilical fissures. XF-15, 62.50 m. 
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characteristics. It should be pointed out that most of our individuals are 
smaller than those from Qatar, which certainly influences the appearance 
of the characteristics, especially those of the axial sections. Also a number 
of features of L. prehaimei SMour seem to be present in our material. 
Evidently we are dealing with American populations, the variation of 
which more or less covers that of three of Smout’s species. As specific 
name the earliest one has been chosen, which does not imply that the 
other two are considered to be synonyms or their individuals mere 


variants. 


Age. Lockhartia haimei and L. diversa have exactly the same strati- 
graphic range in Qatar: Paleocene, zones 2 to 6. Their ancestor, 
L. prehaimei forms an intermediate population with them in zone 2, 
which population probably very much resembles those of our Guyanese 
samples. However, the distance between Qatar and Central America is 
considered too great for us to warrant the conclusion that our inter- 
mediate populations would be of exactly the age of zone 2 of the Paleocene 
of Qatar. 


Genus Smoutina n.gen. 
Type species. Smoutina cruysi n.sp. 


Etymology. The genus is named in honour of Dr. A. H. Smovut 
(London), whose publications clarified much of the complicated structure 
of rotaliid Foraminifera. 


Diagnosis. Test trochoid with lamellar walls of radial structure. The 
simple trochoid spiral is dorsally evolute with several whorls showing. 
At the ventral side only the final coil is visible and the central area is 
occupied by an umbilical fillmg with, at least in the middle, a number 
of separate rounded to irregularly elongate openings. The ventral sutures 
show fissures which may superficially correspond with some of the openings 
of the umbilical mass. The septa are double and they contain the fissures 
only in their ventral parts. Towards the umbilicus these fissures connect 
with a mainly covered, branching, spiral canal system in the outer part 
of the umbilical mass. At their tops the chamber cavities also communicate 
with these spiral canals. Vertical canals, originating from the deeper 
parts of the spiral system, penetrate the central part of the umbilical 
mass, opening into the separate openings of its surface. There is an 
elongated intercameral foramen. 


Remarks. The genus clearly belongs to the early rotaliid stock. It is 
morphologically intermediate between Kathina Smovur and_ Rotalia 
Lamarck. Kathina is different by the absence of any spiral canal system, 
while in Rotalia the umbilical mass is completely fissured. If our inter- 
pretation of some described species is correct, there is in the course of 
time a change within the genus Smoutina from Kathina-like forms to 
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Rotalia-like species. Smoutina bermudezi (COLE) from the Upper Cretaceous 
of Cuba only shows a faint development of the spiral canal, S. cruyse 
from the Paleocene of Guyana is the most typical, while in S. cushmani 
(APPLIN and JoRDAN) from the Middle Eocene of Florida the number of 
vertical canals is restricted and the spiral system is complex and of 
excessive width. Relations with typical Rotalia are considered to be 
remote. Descendents of the Smoutina group may have got the appearance 
of Rotalia or Pararotalia. 


Age. Upper Cretaceous-Paleocene-Middle Eocene of tropical America. 


Smoutina cruysi n.sp. 
Pl. 4, fig. 1-18 


Etymology. The species is named in honour of Dr. H. Cruys, geologist 
of the Bureau Minier Guyanais, who collected the material. 


Occurrence. The species was found in most of the investigated samples 
of all three borings. It is rare to frequent, abundant only in XF-TP at 
28 metres, and in XF-15 at 62.50 metres. 

The holotype (coll. no S 12796) was derived from the sample at 
62.50 metres of the boring XF-15, Basses Plaines formation (Paleocene), 
NW French Guyana (pl. 4, fig. 1). It is stored with the other material 
of this species in the paleontological collections of the Mineralogisch- 
Geologisch Instituut of the State University of Utrecht. 


Description. The test is about equally biconvex. In sample XF-15, 
62.50 m, the diameter varies between 0.7 and 1.3 mm, the corresponding 
thickness from 0.3 to 0.7 mm. In the other samples the dimensions are 
about equal, but occasionally the maximum size is considerably larger, 
up to 2.0 mm. 

The smooth dorsal side has the shape of a low, somewhat rounded cone. 
In the apical part the sutures are indistinct by an evenly distributed 
lamellar thickening of the wall. Also the sutures of the later part are 
often hardly discernible. They are flush with the surface, those between 
the chambers are moderately curved backwards. The entire dorsal wall 
is finely perforated. Ventrally the last coil usually has the shape of a low, 
truncated cone. The ventral sutures are somewhat curved and slightly 
depressed in the later part. They usually show narrow fissures. The 
umbilical region, which has a diameter of about half of that of the entire 
test, is inflated to flattened with many, more or less regularly rounded 
depressions. Especially towards the border several depressions may 
coalesce to more elongate and tortuous ones, occasionally connected with 
those of the sutures. 


2 : eee ae = ne : 
Horizontal sections of some ten specimens from XF—15, 62.50 m, in 
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the size range of 0.9-1.2 mm, show 2} to 4 coils with 18 to 25 chambers 


308 


in the last convolution. The first coil has 8 to 10 chambers, the second 
13 to 17. The protoconch measures 45-65 mw in diameter. The double 
septa are regularly curved. The spiral wall is finely perforated. The pores 
appear much more distinctly than the lamellar structure of the wall. 

Other horizontal sections, cut more towards the ventral surface, show 
the deep intraseptal fissures. Towards the dorsal surface these fissures 
are absent or they are so thin that they were no longer distinguishable. 
The umbilical mass contains a complex canal system. There is a distinct, 
ramifying spiral system below the chambers. These spiral canals commu- 
nicate with the chamber cavities through narrow passages at the latter's 
umbilical ends. More towards the ventral surface there are also covered 
connections with the intraseptal fissures. All through the umbilical filling 
there are many vertical canals, which connect the spiral system with the 
depressions of the central surface. 

Broken specimens show the intraseptal fissures and sometimes the 
open connections of the chamber cavities with the spiral canals at the 
umbilical end of the continuously sloping bottom of the chambers. 
Evidently the umbilical flap and lip of the chambers form together a 
solid structure bordering the distal part of the outer branches of the 
spiral canals. Openings underneath could not be observed for all chambers. 
Occasionally large pores were observed in the bottom of the chambers 
towards their umbilical ends. 

The axial sections demonstrate that the chamber cavities are dorsally 
completely evolute. They are somewhat more involute on the ventral 
side, leaving an umbilical mass that is internally more convex than the 
dorsal surface of the test. The spiral is distinctly and moderately trochoid. 
The ventral and dorsal pores are fine and straight; in the central part of 
the dorsal side they may be slightly longer and coarser. The vertical 
canals of the ventral umbilical filling are usually straight. Close to the 
chambers they are mainly restricted to the horizontal layer which corre- 
sponds to the last whorl, but more towards the centre they are generally 
continuous through several such layers. Horizontal structures in the 
umbilical mass, which evidently belong to the spiral canals. are most 
distinct close to the chamber cavities, where they also show connections 
with the chamber tops. In these halfsections and in broken individuals 
an elongate, nearly basal intercameral opening is seen in the septa. It is 
not certain whether these openings are due to later resorption alone, 
since most specimens have some chambers broken off, so that there are 
no clear observations concerning the aperture. 


Specific determination. There is much resemblance with Kathina 
bermudezxi (CouE) (Lockhartia bermudezi Coun, 1942, Jour. Pal., volic16, 
p. 641, pl. 92, fig. 1-5; AppLin and Jorpan, 1950, Jour. Pal., vol. 24, 
p. 476, pl. 7, fig. 8, 92, 102; Kathina bermudezi (Cole), Smour, 1954, p. 61, 
pl. 7, fig. 9-13). A number of topotypes of this species from the Cuban 
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Upper Cretaceous were kindly sent by Prof. Cone. They confirm our 
opinion about the differences, already concluded from the published 
figures. In our specimens of S. cr uysi the spiral is more trochoid and the 
chamber cavities are more evolute dorsally and more involute ventrally. 
Especially on the dorsal side the sutures are much more str ongly curved, 
instead of being straight and nearly radial. In several of the topotype 
specimens of Lockhartia bermudezi the straight dorsal sutures between the 
chambers are slightly raised and sometimes even continuous to a shght 
apical knob. These features are absent in our individuals. However, most 
of our specimens are smaller than those of CoLn’s species (0.9-1.8 mm 
in diameter), which may accentuate some of the differences, though it 
can not account for all. According to the figures there is a fair resemblance 
between both species in the number of spiral chambers of corresponding 
coils. There are again considerable differences in the canal systems. 
Smout (1954) thought that there was no spiral canal in Lockhartia 
bermudezi, but in our sections of some topotype specimens we observed 
horizontal connections between the vertical canals in the border part 
of the umbilical mass close to the chambers of the last coil (pl. 4, fig. 14). 
Although much less developed, this is certainly comparable to the spiral 
system of S. cruysi. Probably Lockhartia bermudezi is intermediate in 
features between the typical species of the genera Kathina and Smoutina. 
Regarding the great resemblance and the relative age it is quite likely 
that Smoutina bermudex is ancestral to S. cruysi. 

Kathina jamaicensis (CUSHMAN and JARVIS) (Hponides jamaicensis 
CUSHMAN and Jarvis, 1931, Contrib. Cushman Lab. Foram. Res., vol. 7, 
p. 77, pl. 10, fig. 4) from Late Cretaceous beds of Jamaica, as re-figured 
by Brown and BROoNNIMANN (1957, Micropaleont., vol. 3, p. 136, pl. 1, 
fig. 7-10) is similar to S. cruysi in the curved dorsal sutures and the 
ventrally more involute character of the chambers of the last coil. It is 
different from both S. bermudezi and S. cruysi in the greater number of 
spiral chambers, as may be concluded from the figures (27 corresponding 
to a diameter of 1.0 mm, and at least 32 with a diameter of 1.2 mm). 
Other important features of Hponides jamaicensis are as yet unknown, 
and hence its generic place. The figures of the ventral side (fig. 8 and 9 
of Brown and BRoNNIMANN), showing elongate depressions in the external 
part of the umbilical mass, suggest that a spiral canal system might be 
present. The identity of this Jamaican form with S. bermudezi is considered 
doubtful; it seems to be closer to our S. cruysi. 

Another species, probably related to S. cruysi is Lockhartia cushmani 
AppLin and Jorpan (1945, Jour. Pal., vol. 19, p. 143, pl. 21, fig. 5; 
Appin and JorDAN, 1950, Jour. Pal., vol. 24, p. 474-477, pl. 66, fig. 1-7; 
Rotalia cushmani (Applin and Jordan), CoLE (not Rotalia cushmant APPLIN 
and JoRDAN, 1945, Jour. Pal., vol. 19, p. 143), 1947, Bull. Amer. Pave 
no. 126, p. 15, pl. 5, fig. 2-8) from the Middle Eocene of Florida. Especially 
in the shape and the trochoid arrangement of the chambers there is a 
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fair resemblance with S. cruysi, but in individuals of comparable size the 
number of chambers per coil is distinctly lower and the number of vertical 
canals is much more restricted. In the umbilical mass there are horizontal 
connections between the vertical canals, but in addition this species 
has developed a complex spiral system of cavities encircling the central 
filling. A careful study of the figures given by Cote (1947) and APPLIN 
and JORDAN (1950) give an idea of this spiral system. Newly formed 
chambers were very low, except for their peripheral part. About half way 
the distance to the umbilical mass there was a deeply depressed astral 
furrow, where a distinctly recurved umbilical flap (toothplate?) incom- 
pletely separated a fairly small chamber cavity from a more central 
cavity under a long, curved umbilical lip. The latter cavity communicated 
with the spiral spaces of the earlier whorls. Later lamellae only adhered 
to the peripheral parts of the ventral chamber walls, continuing straight 
to the umbilical mass and leaving wide spaces over the primary chamber 
and its lip. The septal flap only adhered to the dorsal part of the previous 
apertural face. Higher up it bent forward leaving a wide “‘intraseptal” 
space and over about the middle of the primary chamber this septal flap 
(or rather the outer primary wall) became more or less vertical, recurving 
at the place where it was joint by later lamellae. As a result there is, in 
addition to the more or less seperate cavities of the chambers and the 
lips, a considerable volume of intraseptal and spiral spaces, partly inter- 
rupted by the ventral vertical partitions. The septal fissures are narrow 
in the visible outer lamellae only, directly underneath they widen into 
the spiral spaces. There is a superficial resemblance of this set of cavities 


PLATE 4 


Smoutina cruysi n. gen. n.sp. 
All figures x 27, except fig. 6: x 55. a, ventral view; b, dorsal view; c, peripheral 


view. 

Figs. la, b, c. Holotype. Utrecht coll. no. S. 12796. XF-15, 62.50 m. 

Figs. 2a, b, c. One of the biggest specimens. XF-16, 90 m., 

Fig. 3. Dorsal view. XF-TP, 28 m. 

Figs. 4, 5. Axial half sections. XF-TP, 28 m. 

Fig. 6. Oblique ventral view of a broken specimen showing various open parts 
of the canal system. XF-16, 81-82 m. x 55. 

Fig. 7. Broken individual, the dorsal wall of which has been removed, showing 
the trochoid coil of curved chambers. XF-16, 90 m. 

Figs. 8-11. Successive horizontal half-sections from the ventral to the dorsal side 
of four different specimens, showing the canal systems and their con- 
nections. 8-10 from XF-TP, 28 m; 11 from XF-15, 62.50 m. 

Figs. 12, 13. Peripheral views of broken specimens, showing intraseptal and 

vertical canals, and the nearly basal intercameral foramen. 12 from XF-15, 

62 m; 13 from XF-TP, 28 m. 

Lockhartia bermudezi Coum. Part of the ventral view of a topotype 
specimen. In the left half of the figure the umbilical centre has been slightly 


ground off showing tiny lateral communications of the vertical canals. 
Loc. B 537, Cuba (see Coun, 1942), 
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with that of the more simple spiral canal in Rotalia s.str.. Nevertheless, 
a derivation of Lockhartia cushmani from a more typical Smoutina ancestor 
is thought to be more logical because of the resemblance of the structures 
of the umbilical mass. Evidently, the outer complex spiral system is a 
new addition. 

Probably size of the individuals plays an important part in the external 
specific differences. In outer appearance our bigger specimens best resemble 
S. bermudezi. our smaller ones S. cushmani, without being fully identical. 
There is certainly no identity of all the populations of this group from 
the Late Cretaceous till the Middle Eocene. Ours are distinctly inter- 
mediate between the two extremes, and the canal systems evidently 
showed an enormous development within the group. Apart from the 
achieved complex spiral system possible descendents of this group would 
soon have resembled species of the genus Rotalias.|.. This may have been 
the line of descent for one of the groups of this heterogeneous genus. 


Age. Although S. cruysi is considered to be intermediate between 
a Late Cretaceous species and a Middle Eocene one, the suggestion of an 
intermediate age is in itself a weak support to our Paleocene age deter- 
mination of the fauna. 


Genus Ranikothalia Cauprr, 1944 


Ranikothalia soldadensis (VAUGHAN and COLE) 
PIS: fig. 1-14 


Miscellanea soldadensis VAUGHAN and COLE, 1941, Geol. Soc. Am., Spec. paper 
no. 30, p. 36, pl. 4, fig. 8, 9; VauGHAN, 1945, Geol. Soc. Am., Mem. 9, p. 30, 
pl. 5, fig. 2—5. 

Ranikothalia soldadensis (Vaughan and Cole), CAuprRI, 1944, Bull. Am. Pal., vol. 28, 
no. 114, p. 23, pl. 4, fig. 19, pl. 5, fig. 24, 26. 

Operculinoides georgianus COLE and Herrick, 1953, Bull. Am. Pal., vol. 35, no. 148, 
p. 52, pl. 1, fig. 1-21, pl. 2, fig. 1-3. 


Occurrence. In the samples of XF-16 the species is rare. In XF-15 
it is frequent at the depths of 61.50 m, 62 m, and 62.50 m. Part of the 
individuals from 62 m are exceptionally well-preserved. 


Description. The numerous individuals of XF-15, 61.50 m are of 
greatly variable diameter, from 0.5 mm (rare) to 5.5 mm, Bigger specimens 
are the most common. The thickness range is from 0.3 to 0.8 mm. In the 
sample from 62.50 m of the same boring the equally numerous individuals 
range in diameter from 0.6 to only 2.0 mm; the variation of the thickness 
is identical to that in the previous sample. The dimensions of the 
individuals of the sample from 62 m in between are intermediate. 

In particular the test of the larger individuals is very much flattened 
with roughly parallel sides. In small specimens the greatest thickness is 
usually in the centre, often with a thickened knob of variable size. If 
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such a knob is present the thickness of the test usually somewhat tapers 
off towards the periphery. Smaller specimens are sometimes strongly 
asymmetric. Especially in larger individuals the outline of the test may 
be irregular. The height of the coils increases rapidly and the evolute 
part of the chambers is twice to four times as high as broad. 

The periphery is evenly rounded or somewhat truncated in section. 
The thickness of this marginal cord usually exceeds that of the adjoining 
parts of the chambers. It may even be the double. In larger specimens 
the marginal cord of the previous whorls forms an elevated spiral on the 
lateral surfaces. On the smooth surface the sutures are distinct, more or 
less radiating and often somewhat raised. Their curvature is strongest 
near the periphery. They are commonly continuous from the periphery 
to the centre, in larger specimens passing the elevated spiral suture 
without interruption. Occasionally they appear as a series of granules, 
in which cases such small knobs may also be present on the surface of 
the chambers in between. Also the central ornamentation may then consist 
of a number of closely set knobs. Especially the nicely preserved specimens 
of XF-15, 62 m, show a row of large pores to either side of the sutures. 

The external surface of the marginal cord is fissured by many anastomos- 
ing grooves, which leave irregularly elongated islands in between. In 
larger specimens as many as 30 grooves were counted in transverse 
direction. Worn and broken specimens show that the grooves are fully 
open to the interior of the cord. In inward direction their pattern becomes 
simpler and they end in a set of straight longitudinal canals at the base 
of the fissure system and close to the top of the chamber cavities. Usually 
the external longitudinal canals are strongest. They clearly communicate 
with the intraseptal canals. 

Horizontal sections show the double septa and the intraseptal canals 
which open into the spiral canals of the marginal cord, and which also 
communicate with the exterior through branches ending in the double 
series of pores along the sutures. The walls are finely perforate. 

The protoconch of macrospheric individuals ranges from 165 mw to 
325 w in diameter. Occasional observations of microspheric individuals 
showed a protoconch diameter of about 15 yw. Corresponding with a 
diameter of the test of 1.5-2.8 mm there are one and three quarters to 
three coils with a total of 20 to 50 chambers. There are 8 to 10 chambers 
in the first coil and 15 to 22 in the second. In individuals with a size from 
1.6 mm to 4.0 and 5.0 mm the number of chambers in the final coil 
increases from about 15 to about 30 (altogether some 30 observations). 

Transverse sections show that the spiral wall is completely involute. 
Even in big specimens also the chamber cavities appear to be involute 
with very thin projections across the previous whorls. 


Generic determination. In 1944 Cauprt erected the genus Raniko- 
thalia for the group of Caribbean and Indian Nummulites-like species, 
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which are characterized by “the bluntly rounded chamber tops in 
horizontal section” and “the thickness of the coarsely gutted supple- 
mentary skeleton as compared with the majority of other Nummulites”’. 
Since, many authors gave their opinion on the validity of this genus. 
Davies (1949) and NaGappa (1959b) supported CauDRIs decision with 
arguments, others (GRIMSDALE, 1952) silently accepted it. A greater 
number of authors rejected Ranikothalia: VAUGHAN (1945), DE CIZANCOURT 
(1948), Cote (1953), SMour (1954) and Hanzawa (1957), though there 
is no general agreement about the generic place of the species that have 
been variously assigned to Miscellanea PrENDER,. Vummulites LAMARCK 
(or Camerina BRUGUIDRE), Operculinoides Hanzawa, Operculinella YABE 
and Operculina p’ORBIGNY. Apart from obvious errors this shows that, 
once Ranikothalia is rejected, its homogeneous species group cannot be 
nicely fitted into a single other genus. Also opponents of the genus agree 
that the group is homogeneous and can be seperated without difficulty 
from other groups of nummulitie species (DE C1zaAncourT: ““Nummulites 
cordelées’’). To the arguments advanced already by Caupri and NAGAPPA, 
may be added that of the presence of the coarse canal system, completely 
open to the exterior both in the marginal cord and through the double 
row of coarse pores along the sutures. The open marginal cord may be 
seen as morphologically intermediate between some rotaliid ancestor and 
typical Nuwmmulites, though closest to the latter. The wide openings 
along the sutures (also observable in some published figures: VAUGHAN, 
1945, pl. 5, fig. 2; De CrzancourtT, 1948, pl. 1, fig. 2 and others) better 
resemble the characteristics of some rotaliid genera, such as Elphidiella 
CusHMAN and Laffittena Marte. However, it must be remarked that 
such sutural openings, though of much thinner structure, were described 
and figured already by CARPENTER (1862, p. 259, pl. 17) for recent 
Operculina specimens. 

CoLE (1953, p. 10) is perfectly right in stating that the difference 
between Ranikothalia and other nummulitic genera is one of degree. 
However, though possibly not different by a completely new structure, 
the absence of a general morphological intergradation between the species 
of the Ranikothalia group and those of Nummulites and Operculina is 
considered a sufficient basis for generic separation. The more so since 
the species are restricted in time (Paleocene-?Early Eocene) and space 
(southern Asia, Togoland, Caribbean). They represent a distinct off-shoot 
of the rotaliid stock, possibly ancestral to all or part of the early 
Nummulites, Operculina and Assilina of the Mediterranean and other 
areas. At least in America, Ranikothalia is not accompanied by other 
nummulitic genera; it may have originated in this area. 


Specific determination. Sacus (1957) gave a detailed review of the 
American species of Ranikothalia. In several scatter diagrams this author 
shows that there is continuous variation in the measured features of the 
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Fig. 2. Scatter diagram of the diameter/thickness ratio of the test of a number 
of specimens of Ranikothalia soldadensis (VAUGHAN and CoE) from sample XF-15, 
61.50 m. The relative thinness of the test corresponds to the measurements of 
R. georgiana, given by Cote and Herrick. From the data given by SACHS, it is 
apparent that most individuals of R. bermudezi are relatively thicker. 


many described species. No doubt he is perfectly right in saying that too 
many specific names have already been introduced for this group. But it 
must be considered questionable whether they can all be united under 
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the single specific name R. bermudezi (PALMER). In this way this species 
gets a width of variation that is certainly not realized in our populations. 
It is true that most features of our Guyanese individuals do not allow 
separating them from R. bermudezi, but the ratio diameter/thickness of 
the test (fig. 2) clearly demonstrates that the entire group of our individuals 
is extreme by the relative thinness. In this respect our specimens would 
be identical with the typical representatives of R. soldadensis (VAUGHAN 
and Cog) and R. georgiana (CoLE and Herrick) (synonym). In the 
published details of the populations of R. soldadensis there are indications 
of variation to the thicker R. bermudezi type, but such variation seems 
to be absent in other populations, such as those of R. georgiana in the 
Georgia wells. 

The absence of clear discontinuities between a fairly great number of 
populations is in itself not a sufficient reason to lump the entire wide 
variation under a single specific name. It will be hard to find a good 
example to prove that considerable differences between extreme popu- 
lations are merely due to environmental factors, and even then there 
is a danger of generalization. Both in Guyana and in Georgia the 
populations consist of flattened individuals only. This is less certain for 
the original population of R. soldadensis from Soldado Rock. From 
Venezuela, Trinidad and Barbados this type is commonly reported 
together with thicker variants (VAUGHAN, CaupRI, 1944, DE C1zaANcouRT), 
so that populations with a wider variation may be the rule here. Since 
the name R. soldadensis is the oldest, it is chosen in preference to the 
more distinct R. georgiana, pending a revision of ample material from 


PLATE 5 
Ranikothalia soldadensis (VAUGHAN and COLE) 


Figs. 1-38. Side views of specimens of different size. 1 and 2 from XF-15, 62.50 m; 
3 from XF-15, 62 m. All three x 15. 

Figs. 4a, b. a, side view of a large specimen showing the double row of pores 
along the sutures; 6, peripheral view, showing the reticulate surface of 
the marginal cord and the more regular canals in the deeper parts. XF-15, 
62m. xX Lb. 

Fig. 5. Part of peripheral view. In the upper part the reticulate surface pattern 
has been worn off, showing the underlying longitudinal canals of the 
marginal cord, XF-15, 62 m. x 30. 

Fig. 6. Peripheral view of a worn fragment showing the longitudinal canals of 
the marginal cord and their connections with the intraseptal canals. 
SH-15, 62) mn. Sloe 

Figs. 7-10. Various fragments of the peripheral area with details of the marginal 
cord. All four from XF-15, 62 m. 7, x 15; 8, 9 and LG, xeo Ok 

Fig. 11. Horizontal thin-section. XF-15, 61.50 m. » 15. 

Fig. 12. Part of the thin-section of figure 11. x 40. 

Fig. 13. Transverse thin-section. XF-15, 61.50 m. x 30. 

Fig. 14. Transversely broken specimen showing an intercameral basal opening. 

XF-15, 62 m. x 15. 
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Soldado Rock. A still older name may be R. catenula (CUSHMAN and 
JARVIS) (Operculina catenula CUSHMAN and JaRvIs, 1932, Proc. U.S. Nat. 
Museum, vol. 80, p. 42, pl. 12, fig. 13), but this species is solely known 
from its holotype (see Cong, 1953, p. 13). CoLe (1959b) substituted 
Operculina catenula for the entire group of R. bermudezi in the sense of 
Sacus, which of course is a logical consequence from these authors’ point 
of view on the observed variation. 

Comparison of the Caribbean Ranikothalia species with those of India 
shows a striking similarity in features and variation. Already Davies 
(1927, p. 275) noted that “‘it is hard to resist that, at Thal. the Operculine 
(=R. sindensis (Davins)) only represents an extreme variant of the 
Nummulite (=. nuttalli (Davins)). In Sind, however, the latter is less 
compressed, and so the two forms are more easily kept apart’. Evidently 
again variation between the thick and the flattened type may be present 
or absent. Comparison of material from both regions may eventually 
even show that R. soldadensis is not specifically different from R. sindensis, 
or that R. bermudezi is conspecific with R. nuttalli. 


Age. &. soldadensis is considered to be of Paleocene age at Soldado 
Rock, in the San Juan limestone of Venezuela, in the Upper Lizard 
Springs beds of Trinidad, and in the blocks of the mudflows of the Joes 
River, Barbados. Under the name of R. georgiana it has been described 
from borings in Georgia from beds that have been correlated with the 
Porters Creek clay of Midway age. In southern Asia, according to 
NAGAPPA (1959b), the Ranikothalia group is restricted to the Paleocene, 
possibly rarely extending into the Early Eocene. 


To be continued 


PALEONTOLOGY 


SOME EARLY ROTALITD FORAMINIFERA. III 
BY 


C. W. DROOGER 


(Communicated by Prof. G. H. R. von Kopntcswatp at the meeting of Febr. 27, 1960) 


CLASSIFICATION AND PHYLOGENY 


Because some place was sought for our new Guyanese genera among 
the other representatives of the Rotaliidea, the various existing classi- 
fications were investigated in some detail. Phylogenetic relations of the 
genera of the superfamily Rotaliidea are partly very obscure, and corre- 
spondingly there is no clear, uniform classification. This is not only due 
to a lack of sufficient data on many of the genera, but also to the fact 
that no distinct hierarchy of characteristics is apparent from the develop- 
ment of the group. 

After the recognition of the presence of the septal flap as a distinctive 
feature of the superfamily (SmoutT, 1954), new groupings have been 
proposed, which differ considerably from that of CusHMAN (1948), which 
was the one most commonly used. The newer ideas are sometimes 
conflicting, depending on which features are given some prevalence over 
other, such as for instance toothplates (HoFrKER), canals (SMoUT) or 
apertures (REISS and MeriLING). At the moment it is really impossible 
to decide which is the best hierarchy of features, probably there is not a 
general one. 

A discussion of various characteristics may review the possibilities 
accepted at present. 


1. The arrangement of the chambers of simple spirals is mostly 
trochoid or planispiral. Reversed trochoid is added as a third possibility, 
which may be partly identical with secondary trochoid. The distinction 
of two different types of trochoid arrangement implies that a distinction 
can be made between both sides, the ventral and dorsal sides of common 
use. Umbilical and spiral are hardly better terms. In asymmetric forms, 
the ventral or umbilical side, of the Rotaliidea at least, is thought to be 
distinguishable by a greater size of the umbilical mass and also by the 
preference of the intercameral foramen to be situated .at this side. 
Reversed trochoid is then characterized by dorsal prolongations of the 
open chamber cavities reaching farther towards the axis than do those 
of the ventral side (Laffitteina, Storrsella). There is no general trend in 
phylogeny between the three types. If the group is monophyletic, it is 
likely that the first representatives were slightly to moderately trochoid, 
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developing more trochoid as well as planispiral stocks. These changes 
were reversible, however, as may be seen from the development of 
planispiral from trochoid Miogypsinidae, and the reverse case from the 
rise of younger trochoid offspring (Polystomellina, etc.) from the planispiral 
Elphidium group. It is logical to suppose that reversed trochoid forms 
developed from planispiral ones (Laffitteina), but it is conceivable that 
they originated directly from normally trochoid ancestors. 


in classification. Most genera have involute chambers, both their cavities 
and the walls. Since the outer wall of the test, with the forming of each 
new chamber, may be covered by a more or less thin layer, the walls are 
generally involute, though thickening is often hardly perceptible. The 
involute or evolute character of the chamber cavities is evidently more 
important in systematics. Chambers are said to be involute when their 


2. The alar prolongations of the chambers are another feature 


cavities reach the umbilical mass, and evolute when the earlier coils are 
visible, or at any rate not covered by the cavities of the later whorls 
over a considerable distance. It is clear that in practice these definitions 
are not tight. In distinctly trochoid forms the dorsal side is commonly 
evolute (Rotalia). In planispiral forms the cavities may be involute 
(Nummulites) or evolute (Operculina). A general trend is absent. 


3. Deviations from the simple spiral type are always distinct 
one-way trends. The original spiral may become complicated by doubling 
one or several times, resulting in a multiple spiral (Dictyoconoides). 
Elongate chambers may become subdivided (/eterostegina), annular 
(Cycloclypeus), or meandrine with separate polar cavities (Miscellanea). 
Orbitoidal growth may develop (Miogypsina) or systems of lateral 
chambers may become added (Pseudorbitoides). Several of these trends 
often occur together. 


4. The apertures are a subject to discussion and confusion. The 
presence of an intercameral foramen is a general feature, but especially 
for many fossil genera it is uncertain whether it was present as an aperture 
in the final chamber. Resorption of part of the septal wall between earlier 
chambers is known to occur in species which aleady have a distinct 
interiomarginal aperture of the final chamber (Rotalia). It is likely that 
in a number of genera the aperture in the last chamber is represented 
only by a few pores. The intercameral foramen may be interiomarginal 
(Rotalia), interiomarginal to areal (Laffitteina) or entirely areal (Pararotalia 
in its original sense). In planispiral forms it is about median, in others 
ventral or median to ventral. Since so much doubt exists about this 
structural element, its value for classification cannot be great at the 
moment. 

There is equally much confusion about the openings of the chamber 
cavities in umbilical direction, which are either continuous or discontinuous 
with the interiomarginal opening. If present, they may open into the 
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umbilical fissure or canal, or in the sutural fissures, or directly to the 
exterior. Reiss and MERLING (1958) described a set of labial apertures 
in some trochoid genera. If too much differentiation is being made, 
however, the systematic value decreases for fossil genera, in which such 
minute structures are often not observable. 


5. Septal structures are a consequence of the septa being double 
for at least the greater part. If there are flattened spaces in between both 
lamellae, which open to the exterior along a considerable part of the 
sutural length, they are commonly described as fissures (Fissoelphidium). 
If their depth cannot be ascertained, they can be termed sutural grooves 
or furrows. A special character of such fissures is that they are often 
feathered, i.e. there are extensions of the fissures on the outer walls of 
the adjoining chambers, usually convergent to the periphery (Storrsella). 
Hither these fissure branches or the small costae in between are prominent, 
which is often dependent on the state of preservation. Surface parts of 
the septal fissures may be closed, leaving intraseptal canals below, which 
generally open in sutural direction through ascending branches. In these 
cases the septa are usually mainly closed, leaving a row of openings 
(Pseudorotalia), which often is double to either side of a continuous 
straight bar of the sutures (Ranikothalia). The double rows are a conse- 
quence of the frequently observed bifurcation of the ascending canals, 
evidently a character corresponding to the feather structures in fissured 
forms. Yet another complication of the superficial covering of the sutures 
is the presence of retral processes (Hlphidium), backward projections of 
the chamber cavities across the septa, enclosed by the septal flap. In 
the open parts in between again fissures or openings of ascending canals 
may be found. Finally the sutures may be entirely closed, though such 
conditions, when seen in fossil material, may be due to the state of 
preservation. 

The intraseptal spaces and canals usually communicate with spaces 
and canals in the umbilical region, and occasionally with similar structures 
in the marginal area. They are used as important distinctive characters in 
classification at the generic level, though in fossil species they are often 
difficult to ascertain. Especially the differentiation between canals and 
fissures may be impossible. The open fissures might be thought to 
represent the most primitive condition, but the oldest known species 
suggest mainly closed sutures, which may be due to preservation, however. 
“losed sutures with pores are clearly derived, both from a morphological 


point of view and phylogenetically. 


6. In many genera a spiral fissure or canal is clearly present 
in between the umbilical ends of involute chambers and the central 
umbilical mass. It is formed by spaces left between the umbilical, infolding 
parts of the chamber walls, the wall of the umbilical mass or of the previous 
coil, and the covering of umbilical lips and superficial lamellae corresponding 
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to later chambers. If the latter are partly or wholly absent, there is an 
umbilical fissure that is continuous with the septal fissures, if present. 
The umbilical infolding of the septal flap (umbilical flap) occurs at variable 
distances from the umbilical mass. Especially if this distance is con- 
siderable, the ventral wall of the primary chamber may continue in 
umbilical direction as the umbilical lip with or without infolding parts. 
The infolding umbilical flap joins the wall of the previous coil, usually 
extending in the ventral part only. Its internal end (toothplate) may 
adhere but partly to the previous coil, leaving openings to the spiral 
canal or fissure underneath. It may also be pierced by larger pores or 
single openings, thus furnishing connections between the various cavities 
of the test. The infolding of the umbilical flap may be sharp and close to 
the umbilical mass, leaving a narrow fissure often of zig-zag course 
(Smoutina bermudezi). It may be broad, thus bordering a broader and 
more continuous fissure. Of course the rounding of the umbilical mass 
also influences the width of the fissure. If the fissure is covered by later 
lamellae, which continue into the umbilical mass, a buried spiral canal 
is the result. If the primary chamber has a well developed umbilical lip 
with infolded parts, an intermediate cavity may be recognized: the 
astral lobe. It has been variously interpreted as part of the chamber 
cavity or as part of the spiral fissure or canal. This depends on the degree 
of development of the umbilical flap and of the lip. If such cavities are 
distinctly present they again may have openings in umbilical or sutural 
directions, the labial apertures (REIss and MERLING). Yet another compli- 
cation is found when the later lamellae adhere only partly to the ventral 
walls of chamber and lip. This is very extreme in Smoutina cushmani, 
where the later lamellae only join the ventral chamber wall in its peripheral 
part, thus leaving an additional wide space over the chambers, continuous 
with the spiral and intraseptal spaces. 

Although there are many misinterpretations, much stress has been 
laid in systematics on these spiral structures. They may be very thin, 
causing different opinions about their existence. Groups are known 
(Miogypsinidae) in which they have become greatly reduced or even 
disappeared during the phylogenetic development. Whether such a spiral 
structure is a primitive feature cannot be decided. Among the early 
genera some with a distinct spiral structure occur next to others in which 
it could not be proved. 

Whether details of the spiral fissure or canal are of systematic value 
at the generic or higher levels has to remain as yet undecided. No studies 
have been made of the possible variation of these details, such as the 
toothplate and the umbilical lips with their respective openings. There is 
a tendency in the literature to generalize too few observations and to 
overstress their systematic importance. From the numerous broken 
specimens of Smoutina cruysi and of Lockhartia haimei we failed to observe 
& constant appearance of the toothplates in these populations. In the 
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type material of Storrsella haastersi many specimens show a distinct 
astral furrow, whereas this feature is indistinct in the Guyanese specimens. 
Regarding the species grouped in the genus Smoutina there is a very 
wide range of variation of the spiral structures. Of course, it is possible 
that our conclusions on relationships of the Storrsella assemblages and of 
those of Smoutina are not correct. Nevertheless some doubt may be 
expressed concerning the great systematic value of the details of the 
spiral structures. 


7. Umbilical structures generally occur as more or less solid 
masses at at least the ventral side, but often at both. They fill the space 
between the umbilical ends of the chamber cavities and adjoining spiral 
spaces by adding successive lamellae of imperforate shell material. Only 
in some evolute genera can no umbilical mass be differentiated structurally 
from the surrounding wall. Described umbilical structures are many 
and their separation is often indistinct, possibly partly due to again a 
lack of a sufficient number of observations. The mass may be entirely 
solid or show superficial, rounded, pustules of the inflational type, or it 
may be more deeply fissured. It may be pierced by rounded vertical 
canals, originating from the chamber cavities, either directly or passing 
a spiral that may be simple or branching. Probably the vertical canals 
are partly modified, enlarged pores, especially if more than one is seen 
to originate from a single chamber cavity. In other cases they may be 
extensions of an originally umbilical opening of the chamber cavity so 
that there is but one per chamber (Kathina). The umbilical mass may 
also contain larger cavities between the lamellae, which usually commu- 
nicate horizontally with the umbilical ends of the chamber cavities and 
vertically with the exterior through short vertical canals, and in both 
directions with one another (Lockhartia). 

Possibly a more or less solid mass with a spiral fissure around it, or 
one without such a fissure but with enlarged vertical pores, are both 
primitive, though persistent features. Fissures, cavities, extended umbilical 
openings of the chambers, and additional branches of the spiral canals 
are probably all later acquirements, appearing rather unsystematically 
in various groups and sometimes getting lost again. If well recognizable 
they may be valuable features in systematics. 


8. Wall structures. The surface of the chamber walls is often 
smooth. The possession of inflational pustules is generally accepted as a 
feature below the generic level. Their distinction from incised pillars 
(Miscellanea) is often unsharp. These pillar types may occur all over the 
surface, their pattern being confluent with that of the umbilical masses 
and also occurring on the periphery of the test. In these types the entire 
wall is thickened with, as a consequence, that part of the original pores 
tend to widen or unite to vertical canals over the entire wall. Considerable 
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thickening and fissuring of the wall is considered to be of generic value 
in some cases (Miscellanea). 


9, Marginal structures occur especially if the thickening of the 
wall is strongest in the peripheral area (Pseudosiderolites), or is even 
practically restricted to it (Nwmmulites). This thickened marginal area 
may be simply pierced by radial canals (Pseudosiderolites), it may be 
coarse and fissured mainly longitudinally (Ranikothalia) or mainly vertic- 
ally with a central groove (Sulcoperculina). Longitudinal canals in the basal 
part of this marginal cord, connecting with the intraseptal spaces are 
common. The superficial part of the fissures may be at least partly closed 
(Nummulites). Another marginal structure consists of outward directed 
spines, which are formed around radial extensions of the intraseptal 
canals (Siderolites). Shorter radial spines of the peripheral part of the 
chamber walls (Pararotalia) are considered to be of specific value only. 
In Pellatispira there is a thickened skeleton all over, possessing long- 
itudinal rounded canals in the marginal area, connecting with the cavities 
of the test and with the exterior through rounded canals, probably 
enlarged pores. 


In several of the discussed structural elements phylogenetic trends can 
be recognized, but in others they seem to be absent. As yet many of the 
described genera are insufficiently known and most often but one or a 
few of their species have been investigated in more detail. Fortunately 
the latter group includes the type species of many of the genera. The 
number of more detailed descriptions, though of much differing emphasis, 
has rapidly been increasing during the last few years (HorkKER, COLE, 
Smout, Wapbk, Retss and others). This enables us to repeat Smour’s 
attempt (1955) to make a general survey. 

Groupings in families and subfamilies will be entirely left out of 
discussion. Furthermore all age determinations from the literature, if 
not contradictory, are taken for granted. The same holds good for nearly 
all described genera. A discussion of possibilities of further splitting or 
lumping, which is certainly possible, would only cause complications, 
unnecessary for the attempted survey. 

In establishing a classification it is a great help that several groups 
can be formed, and have actually been formed, because of one or more 
peculiar characteristics. However, especially for the genera of the 
Cretaceous and the Paleocene, the time of explosive development, 
groupings are much less distinct. For our scheme (fig. 3) we started from 
these early genera in order to detect whether some hierarchy of features 
could be found. This attempt failed because of our too scanty knowledge 
of the detailed structure of most of the species. 

It is striking that among the Cretaceous genera a fully planispiral 
growth is very rare (Fissoelphidium). But there is a large group of species, 
which are slightly trochoid to planispiral. They generally have on both 
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Fig. 3. Stratigraphic distribution and possible relations of the genera of the 
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sides a number of umbilical pustules, often also along the sutures and 
on the remaining parts of the outer surface. As far as could be found 
the oldest form is from the Santonian of Germany, described as Lockhartia 
minuscula by HorkerR (1957a). This author later (1958a) mentioned this 
species in connection with two similar forms of the genus Daviesina from 
the Campanian-Maastrichtian. All these species are slightly trochoid, 
with double septa, and they show at both sides umbilical masses of 
somewhat different size, which consist of inflated pillars, probably with 
some vertical canals in between. The Santonian species lacks sutural 
knobs. Whether there are other septal or umbilical structures is unknown. 
Certainly this looks like a basic type. though lack of knowledge may 
account for its general appearance. 

In the Campanian probably at least two additional groups can be 
distinguished. In one we find a more trochoid character of the test 
without a distinct dorsal umbilical mass, together with the possession of 
ventral and spiral fissures (Rotalia algeriana. MAGNE and Sica). There 
is a solid umbilical mass and the species, also of later time, show frequent 
thickenings of the inner ends of the ventral chamber tips. This is evidently 
the base of the persistent group, probably continuous up to the present 
day (Rotalia hensoni group, Pararotalia, Neorotalia, Ammonia). The 
question whether the Pararotalia tuberculifera group of the Maastrichtian 
and younger, claimed to have been derived from a Globorotalia species 
(HOFKER, 1957c), is an independent later addition, has to remain unsolved. 
Anyhow, it seems morphologically quite a step from the probably closed 
structure of Daviesina minuscula (HOFKER) to the open fissures of Rotalia 
algeriana. It has been remarked that Pararotalia specimens have been 
observed in the Coniacian-Santonian of SW Europe, but this is as yet 
of little use (Reiss and MERLING). 

Another group beginning in the Campanian, that of Pseudosiderolites, 
is different from Cretaceous Daviesina by a nearly planispiral growth and 
thick wall structures, especially so in the marginal area. All these secondary 
structures are pierced by radial canals. The morphological step from 
early Daviesina is probably not so great. It is considered likely that the 
ill-known Arnaudiella (Campanian) was derived from Pseudosiderolites 
by the addition of vacuoles or lateral chambers in the side walls. Also 
Siderolites of the Maastrichtian looks like a further development of a 
group of Pseudosiderolites in that it acquired radial spines. 

A much greater step is needed to come to the important Sulcoperculina 
and its rich group of descendent Pseudorbitoididae, all from the 
Maastrichtian. Their typical marginal complications can hardly be 
compared with those of Pseudosiderolites, which nevertheless is the only 
other genus with definite marginal structures. The change from radial 
canals and spaces (see ARNI) to a system of vertical plates with a central 
groove, is considerable, though it is the most likely one. 

Regarding the resemblance of the Campanian early Lepidorbitoides of 


Austria with the accompanying Pseudosiderolites (Papp and Kipper, 
Papp, 1955, 1956), one is inclined to link this genus with its orbitoidal 
growth to the Rotaliidea. The generic determination of these early 
orbitoidal forms may be wrong, however. . 

During the Maastrichtian still more genera were added. There is 
Fissoelphidium with its bilateral symmetry and simple system of sutural 
and umbilical fissures. If the fissure systems are considered as important 
in phylogenetic relations, it is logical that Rotalia s.str. (Latest Cretaceous- 
Kocene) and Storrsella with possibly the same stratigraphic range have 
to be grouped with Fissoelphidium. Possibly they arose from the latter 
genus by restricting the fissure system to one side. An alternative solution 
is that these genera arose from the Pararotalia lineage by loss of the 
spiral groove and fissuring of the base. A third possibility would again 
be a direct derivation from some Daviesina ancestor. 

It seems most logical to link the Maastrichtian-Paleocene represent- 
atives of Elphidiella with Fissoelphidium, which involves a partial closing 
of the septal fissures and a more complete closing of these fissures in 
the umbilical region. The derivation of Laffitteina and its Eocene end 
in Cuvillierina from Elphidiella is again quite plausible. 

A final group arising in the Late Cretaceous is that of Kathina. One 
possible solution is again a direct derivation from Daviesina. However, 
closing of an umbilical spiral fissure might have caused the elongation 
of the umbilical openings of the chamber cavities as vertical canals. 
This suggests some derivation from the Pararotalia lineage. The Paleocene 
development of this group includes the acquiring of again strong spiral 
canals in Smoutina and the repeated doubling of the primary spiral in 
Dictyokathina. 

Now shifting our attention to the Paleocene we find still more compli- 
cations. Thus Fissoelphidiwm may have given rise to Miscellanea and 
Pellatispirella by thickening of the walls and more excessive fissuring, 
but these two hardly different genera might equally well have developed, 
at least partly, from the obscure Daviesina group. Regarding the 
Cretaceous species of the latter genus (HorkeErR, 1958a) and those of the 
Paleocene (Smout, 1954) one sees in both a trend from a trochoid to a 
more planispiral mode of growth. For this reason it might be considered 
likely that the Paleocene group is not a direct continuation of that of 
the Cretaceous. The insufficient detailed knowledge of all these Daviesina 
species may at the moment overstress their importance as the basal stock 
of all kinds of other genera. 

One is at a loss where to link Ranikothalia, which is probably at the 
base of the entire Nwmmulites group. Derivation from the Hlphidiella- 
Laffitteina group because of the sutural openings is considered the least 
likely one. Connection with Daviesina or Miscellanea is possible, but 
Pseudosiderolites is the only genus which already possessed a considerable 
thickening and complication of the marginal area. Operculina, Nummulites 
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and Assilina are possibly three independent offshoots of early Ranikothalia, 
all three with an advanced, less coarse development of the fissures and 
canal systems in addition to special characters of their own. The occasional 
morphological intergradation of these genera does not necessitate their 
lumping together. The repeated development of Heterostegina from 
Operculina, and the independent origins of Spiroclypeus and Cycloclypeus 
from Heterostegina are sufficiently well known. 

The ventral fissured umbilical area of Lockhartia is highly reminiscent 
of that of Rotalia s.str. Descent of this genus with umbilical cavities 
from Rotalia is thought to be morphologically less complex than a 
derivation from the Pararotalia group. Sakesaria and Dictyoconoides 
developed from Lockhartia by elongation and by repeated doubling of 
the spiral, respectively. 

Three more groups arose during the Eocene. It seems reasonable that 
Elphidium is related to early Elphidiella. Whether our recent Elphidiella 
species are direct descendents of the Paleocene forms is open to doubt. 
There is a group of Elphidium-like forms without retral processes, 
Elphidiononion Horker (1951), which possibly bridges the gap in time. 
Trochoid younger genera with retral processes (Faujasina, Polystomellina) 
can only be connected with Elphidium or Parrellina, and the same is 
true for the uncoiling Ozawaia. Where the inadequately known Elphidioides 
CuSHMAN of the Late Eocene fits in exactly, must be left undecided. 
The data on Notorotalia suggest an early differentiation of the Elphidiwm 
group, but Wapbk’s remark on a very trochoid Eocene form still leaves 
the possibility of another derivation of this genus. Recently also Sherbornina 
(Kocene-Miocene) with later annular growth was added to the Elphidium 
group (WADE and CarTER, 1957). Relations within this group are not 
yet very clear, notwithstanding the important paper by WADE (1957), 
who suggested that the retral processes are of minor systematic importance, 
thus placing Elphidiella in the synonymy of Elphidium. 

The derivation of Calcarina and its offshoot of the Baculogypsinidae 
(KUPPER, 1954) is still a problem. SMour (1955) advanced the idea of a 
direct descent from Siderolites, even suppressing the generic name 
Calcarina as a synonym of Siderolites. If on the other hand, the possession 
of radial spines is regarded as a renewed development in the Eocene, 
nearly everything is possible, though a descent from Rotalia s.str. or from 
the Pararotalia group is considered most likely because of the trochoid 
character of the test. 

Another problem concerns the derivation of Pellatispira, and its 
descendent Biplanispira. Any suggested link is doubtful, also that with 
Miscellanea, which, amongst other things, involves a closing of the 
fissures of the latter. As a matter of fact Pseudosiderolites would be a 
more plausible ancestor, but here we meet with the difficulty of bridging 
the gap of the Paleocene. 


Finally some complications of the Pararotalia lineage must be mentioned. 
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It is one of the least known groups, and it is probably heterogeneous. The 
mainly Cretaceous-Paleocene Rotalia hensoni group, the mainly Eocene 
Pararotalia and the mainly Oligo-Miocene Neorotalia groups, May con- 
stitute a single branching tree of relations, in which foreign, but resembling 
groups may be hidden. Ammonia is thought to be a Neogene offshoot, 
and also Pseudorotalia with the group of Rotalia elphidioides CAUDRI 
(1934) with its partly closed septal fissures on both sides and strong 
vertical umbilical canals chiefly on one side. Asterorotalia with its 
peculiarly covered sutures and occasional spines, probably again descended 
from Pseudorotalia. The development of the Miogypsinidae, which attain 
orbitoidal growth in the Oligo-Miocene, is well known. BrerRmMupEz’ 
Thalmannita may be a side group with again nearly bilateral symmetry. 


This review is certainly not an exhaustive one and it is fully realized 
that rewriting it in another year may result in quite a different phylogeny 
and classification. However, it demonstrates the numerous deficiencies, 
apt to rouse still more general interest and investigation. 

It is apparent from fig. 3 that some hierarchy of characteristics has 
been introduced more or less involuntarily. The correct succession in 
time has been taken as the primary condition, as indeed it should be. 
Apart from generally recognized groupings based on one or two diagnostic 
features (orbitoidal growth, retral processes, marginal plexus) some 
characteristics have been granted a greater diagnostic value because of 
assumed trends in phylogeny. They are a change from trochoid to 
planispiral, a change from open fissures to more closed structures, and a 
change towards a more thickened skeleton, especially in the marginal 
area. These are no general trends, as may be seen from the exceptions 
that have been made. On the other hand, apertures and to a lesser extent 
also canal systems, got much less weight. This is mainly because of our 
confused and insufficient knowledge. 


KEY TO THE GENERA OF THE ROTALIIDEA 


This key is one out of many that could be made. An easy method based on the 
clearest morphological differences has been given preference to a system that would 
better reflect the assumed phylogenetic relations. 


1. Chamber arrangement a simple spiral. 2 
Chamber arrangement not a simple spiral. : : iF 

2. Sutures without a series of separate openings or retral processes. 3 
Sutures with a series of separate openings or retral processes. 9 

3. Test trochoid without distinct dorsal umbilical mass. J 
Test slightly trochoid to planispiral with more or less arse sloped, Peapod ; 
masses at both sides. 2 

9) 


Test planispiral. 


Test reversed trochoid. Veutrel mass and sutures eanply Aearen 
DSierrsolla 


4. 


6. 


10. 


iG 


13. 
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Ventral mass and sutures simply fissured... . . . ... .. Rotalia 
Ventral mass solid or with inflated pillars and Eroonioned vertical canals. 
Strong spiral fissure which may be partly covered. . .. . . . Ammonia 
Pararotalia 
Neorotalia 
Ventral mass with umbilical cavities. Spiral broader than high. . Lockhartia 
Ventral mass with umbilical cavities. Spiral higher than broad. . .Sakesaria 
Ventral mass with strong vertical canals only... . . . . .. » Kathina 
Ventral mass with strong vertical canals and eaenihyi ing spinal canals Smoutina 
Test with thickened walls and marginal spines. . . . . . . . - Calcarina 
Test with inflational pustules in the umbilical regions to all over the 
surface. Sometimes with vertical canals... . . . . . » = = « Doavtesima 
Test with thickened walls, especially in the marginal area. Vertical canals 
aul ROVER ae ieee : , Nea : . . . . Pseudosiderolites 
Test with thie kennel walle, depadinile in the Pe serIEy area. Vertical canals 
and radial spines... . re s+ = =» « » Wnderolues 
Test with thickened wails suit senined to initial’ pilin all over. Nearly 
completely planispiral.. . . . . 1... + + + «1 + « « + « Oy «Miscellanea 
Pellatispirella 
Test with a marginal sulcus and vertical plates... . . . . Suleoperculina 
Without @menpinel Gord. 0 5.0. en cee yn) wees sma ecient 7 
With a“marcinel cord. * 20s. wee ee a ee! al ee oe ee 8 
With umbilical and sutural fissures. . . se ew ww ee Btssoelphidvum 
With inflated pustules on both umbilical can sa we « e « Dhalmannita 
With fissured or pustulated walls all over. . . .... . . . «Miscellanea 
Pellatispirella 
With thickened walls all over. Numerous coarse radial and circular canals, 
in the outer wall suggesting the presence of a marginal cord.. . Pellatispira 
With extremely thickened marginal cord with fully open fissures. Chambers 
usually involute. . . . : oS .... . . . Rantkothalia 
Often with coarse niepinal ety ths Pile of which are partly closed. 
Chambers mainly evolute. Whorls rapidly increasing in height. . Operculina 
Fissures of the marginal cord partly closed. Chambers mainly evolute. 
Whorls slowly increasing in height... . . Planocamerinoides (= Assilina) 


Fissures of the marginal cord partly closed. Chambers mainly involute. 
Whorls often, but not necessarily, slowly increasing in height. 
Nummutites (= Camerina) 


Operculinoides 
Operculinella 
With wetral promises. cn « fea Ss. os WEE eee kee ee 
Without: retwal ‘processed, .°2 Voss.) alps @ ce ee ee eee 
Test troehow. a ae x wy kgs ceed eee & be ce ohn ta ost 
Test planispiral. ... . ‘ ‘ : 12 
Test biconvex. Retral processes cpl rhetealie: ples uphen ‘Bawa in the 
dorsal sutures. . . . . 5 sss os » » « Aphadioides 
Test biconvex, ornamented. seit eas and piace. - +» « » « « Notorotalia 
Test planoconvex. Dorsal side flat... . o.oo... . 2... eae Faujasina 
Test planoconvex. Ventral side flat. ........2.4.. Polystomellina 
Test. mob umnguilingy sweats fe, dasa cet ae eee Elphidium 
es by Parrellina 
Test uncoiling. eae a ae are rig is eee Ree Ozawaia 
Test: troohoid. -..4" 9%, & a ee vt Ne oe Amc. 
Test planiapiral, 4» Ves -¥e.stgleaetpaered a a a oe 15 


yy . 
.Test reversed trochoid. ........ 16 


14. 


15. 


16. 


18. 


19. 
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With rows of simple openings in and along the sutures, both ventrally 


and dorsally. . Pseudorotalia 


With simple openings in and tone the sutures, partly cov peed by thin 
plates with distal openings are Se Oty cae ee Asterorotalia 
Sutures with a single row of openings or with interrupted fissures. 

Elphidiononion 
Sutures with a double row of openings. No marginal cord... . Elphidiella 


Sutures with a double row of openings. Marginal cord highly developed. 


Ranikothalia 
Sutures with one or two rows of openings. Umbilical radial canals, opening 
invrounded pores). 2.0. 4 es 1”. ae : -2 - . « Lapfittema 


Sutures with one or two rows of openings. W alls thicKeued causing a 
reticulate surface pattern around the ends of the umbilical and sutural 
camalsy ec. ‘ ane 5 : : .. . . .Cuvillierina 
In addition to an fonnly more or ite mused spinal some eorhitoal growth 
and often lateral chambers. Radial plates or rods in the median layer. 
Pseudorbitoididae (Sulcorbitoides, Vaughanina, Pseudorbitoides, etc.) 
In addition to an early more or less reduced spiral, orbitoidal growth and 
lateral chambers. Early stages fully central. (?) . . . . . . Lepidorbitoides 
In addition to an early more or less reduced spiral, orbitoidal growth and 
often lateral chambers. Early stages never fully central. 
Miogypsinidae (Miogypsina, Miogypsinoides, etc.) 
In addition to an early more or less reduced spiral, orbitoidal to acervuline 
growth. Radial spines present. 
Baculogypsinidae ( Baculogypsinoides, Baculogypsina, Schlumbergerella ) 
Later elongate chambers of the plane spiral subdivided. No lateral chambers 
OLFANUULET OTOW Tage <n Ge eee oe wees Uetevosiegiuna 
Grzybowskia 
Later elongate chambers of the plane spiral subdivided. Lateral chambers 


PLESENG |) |. : eae : : .-... . . Spiroclypeus 
Later elongate shear of se niece spinal aad follow ing annular chambers 
subdivided. No lateral chambers.............. . Oycloclypeus 
Later annular chambers not subdivided. ... . .. . . Sherbornina 
Lateral chambers in addition to a primary spiral w ith tuchonéd marginal 
pe nUleys. os Rey race Cee ... . Arnaudiella 
A simple spiral, in the Sater Stipes doubling cepa Thick walls with 
(Gielen. 2 A eae : .... . Biplanispira 
A simple spiral, vepeatedly: douiine in ae Sitio of Coxillvalee, on oo 6 GIRS) 
A simple spiral, the later chambers of which are meandrine and form 
polar ‘“‘chambers”. . . ; : : : 3 i 6 ee He) 
Spiral trochoid. Ventral neabnlies mass ite cavities Baa vernodl openings. 
Umbilical surface fissured... .. . en mE COVOCOTOLdes 
Spiral trochoid. Ventral umbilical mass with strong vertical canals. 
Umbilical surface with separate openings... . . . . . . . . Dietyokathina 
Spiral plane, involute.. ... . aa ae . . Nummulites p.p. 
Thickened wall with open roe No manning Pa . . Miscellanea p.p. 
Wall without open fissures. Marginal cord present... . . Nummulites p.p. 


Paraspiroclypeus 
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MECHANICS 


THE INFLUENCE OF SURFACE TENSION ON THE SURFACE 
WAVES INDUCED BY A ROLLING THIN STRIP 


BY 


J. A. SPARENBERG 


(Communicated by Prof. W. P. A. vAN LAMMEREN at the meeting of Febr. 27, 1960) 


Summary 


The waves caused by a thin strip rolling on the surface of water are 
considered, making allowance for surface tension. There are two types 
of waves denoted as gravity waves and tension waves. The first type 
causes radiation of energy to infinity while the amplitude of the second 
one tends to zero, when the distance to the strip increases. 


1. Introduction 


In general surface tension is neglected when the motion of water induced 
by some moving body is considered. The influence of surface tension, 
however, becomes important when the forces or moments exerted by the 
surface tension and those exerted by the pressure of the water become 
of the same order of magnitude. This may happen when the rolling of 
ship models is studied, hence it is possible that surface tension is one of 
the important factors causing scale effects [1], [2]. 

On the water surface we consider a horizontal infinitely long strip of 
zero thickness and finite width which sometimes is called a dock. This 
strip performs a harmonic rolling motion and induces surface waves. 
The effect of the surface tension is the same as the influence of a membrane 
without mass spread over the fluid. The tension of the membrane 
represents the surface tension. 

Here we arrive at a difficulty. Our theory cannot give information 
about the direct interaction of the edge of the dock and the boundary 
of the membrane. This interaction is a molecular one and depends on the 
materials used, for instance a dock of paraffin wax or a dock of wood 
induce a different behaviour of the water surface in the neighbourhood 
of their edges. We consider two different cases, first the movement of 
the boundary of the membrane is prescribed, second, the angle under 
which the membrane meets the strip is given as a function of time, For 
instance, the first case happens when the boundary of the membrane is 
fixed to the dock, the second case, when there is no direct interaction 
between dock and membrane, then the tangent to the membrane is 


horizontal. 
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There occur two types of waves with different lengths. One can be 
considered as a gravity wave while the other is caused by the surface 
tension. The main difference between the two types can be seen by 
approaching the limit of zero surface tension. Then the gravity waves 
change gradually into the ordinary gravity waves while the tension 
waves disappear. It will also be seen that the gravity waves give rise to 
radiation of energy towards infinity while the amplitude of the tension 
waves tends to zero when the distance to the strip increases. 

There are two well known mathematical methods for solving this type 
of problems. The most straight forward one, uses a Green function which 
is constructed by applying a periodical 6 function pressure to the free 
surface without a dock. Then an integral equation with this Green function 
as kernel can be written down, which states the conditions for the 
displacements on the rolling dock. The kernel has an oscillatory character 
which can yield difficulties for numerical calculations when the waves 
are short. For the determination of the Green function we need to introduce 
some artificial damping or to consider a transient problem in order to 
make Fourier transforms convergent. 

The second method, which we apply in this paper, uses a simple type 
of sectionally holomorfic functions in the complex domain. Here we 
do not need damping or transient phenomenae while we arrive at an 
integro-differential equation with a monotomic kernel. It can be proved 
that this integro-differential equation does not possess eigenfunctions. 
These theoretical advantages, however, are obtained at the cost of some 
greater complexity of the analysis. 

In a future paper we hope to discuss the application of the first method 
and to compare the suitability of both methods for numerical calculations. 


2. Formulation of the problem 


The water occupies the lower half space. We use a Carterian coordinate 
system #, 7, 2 of which the origin lies in the undisturbed water surface 


while the 7 axis is perpendicular to it and points out of the water. The 


Fig. 1. The strip on the water surface, 


dock extends from —l<#<l, ¥=0, —co<Z< +co and makes a periodical 
rolling motion defined by 


(2.1) 9(&, t) =a% sin ot. 


We now give a slightly different formulation of the problem which will 
be used throughout the rest of the paper. 
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On the whole surface of the water |%|<co a membrane is spread 
with tension 7. For |%|<l we may apply an external pressure, which 
compels the membrane for |z%|</ to behave as a rigid dock performing 
a rolling motion (2.1). 
The water motion is assumed to be irrotational, two dimensional and 
simply periodic, hence we can introduce the velocity potential: 


On(X, Y)(A1,n COS wt + Az,» sin wt). 


2 


N=2 


Maz 


(2,9) 6(z, 9, t) =81(&, J) cos wi+ 


The first term on the right hand side of (2.2) is some solution of the 
inhomogeneous problem with 140. The second part of the right hand 
side is a solution of the homogeneous problem with «—0. These functions 
are necessary for satisfying the radiation condition at infinity and con- 
ditions imposed on the behaviour of the membrane at #=-+1. The 
velocities “% and @ in the % and @ direction are given by 


(2.3) ie eee 


For completeness we mention the derivation of the linearised boundary 
condition for the free water surface with surface tension. This derivation 
may be found, for instance, in reference [3]. From the equation of 
Bernoulli we have 


v6 _ 
(2.4) 4 =—05, — 909; 


where P; is the pressure inside the fluid, 9 the density and g the acceleration 
due to gravity. The surface tension t (water 0,072 gramm/cm) yields the 
following relation between the pressure just inside the fluid P; and the 
external pressure P,, exerted at the surface, 


Ys 


5 Ong o6 = oth 
(2.5) Py= Pitt Oa, SOU st a ? 


where gs is the elevation of the surface. Differentiation of (2.5) with 


respect to # yields 
oP u ee le 


We, 5 afi j 


When we put P, = 0 we arrive at the following boundary value problem 


26 026 
(2.7) ee Re 0, 
. 06 y t ‘a . 2 ay 06 T oe = i - / = QO. 
(2.8) 5g 7 Om COS aot, |@| <1; w?@6 15; + tsayy 0, |@|>L9 


We now introduce the dimensionless quantities 
( t= xl, Y = 9-1, te tw, Ys =e, 7) = f). (wl?)-1, Tn — Bn . (wl?)-1, 
vale y= orlgt, r=t(gel?) 4, Pu= Pu (Iga). 
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With these notations we have the following boundary value problems 


for the functions @,(%, y) 
On edn ay 


@ == {() 
(2.10) ae 3 Dy 
o wOn 3 
dOn = ioe Ae < 1: vIn — — + r — — OF 
11) oy n>1?* oy ox? dy 
a / n=1,2...N, |z|>1; y=0. 


We introduce the harmonic functions 
o0n F ee 


(2.12) Gn = VOn — mr + Tt aey? 


which have to satisfy the boundary conditions 


\ y Pn Qn e oe 2 avg eels |a|< i Pn = Q), 


9 tre | a4 0 ?n>1 
(2.13) Baga J 
n=1,2...N;{a|>1; y=0. 
Using these functions we find from (2.6) after integrating over ¢ 
N 
(2.14) a= > Pn(x, 0)(A1,n Sin t—de2,, Cos t), 11=1, d21=9, 
n=1 


a formula which will be used later. 
The complex conjugated functions ynr(x, y) of @n(x. y) are defined by 


(2.15) n(x, y) + tpnla, y) = Qn(a+ ty) = Qn(z) 
Pn Wn Pn Yn 

») pS A ek —— 

Hn oa wy ° oy da * 


As the space variable 2 will not be used in the following paragraphs, 
it will not be confusing when the symbol z is made to denote the complex 
variable a+ iy. 

Using the functions y, we obtain for (2.13) after an integration over 2, 


. 8@n —a/2v*g? n=1 oYn 
) ae . % lL — = 
(2.17) \¥y at a ompar lel<]5 dy 
/ n=1,2...N, |2|>1; y=0 


The constant of integration is taken equal to zero which is allowed 
because by (2.16) yw, is defined within a constant. 

This is the final formulation of the boundary value problem that we 
are going to consider. It remains to remark that at infinity the functions 
gn and yp have to be bounded. 


3. The integro differential equation for q 


From (2.15) we have 


Wn avs 
(3.1) i Tm iQ (2) 
on Dn 
As i = 0, |z|>1,y=0 it follows 


at _ a Ps Wn - 0Mn 
(3.2) 1Q)n+4(x)—1Q),_(x) = ely vr = — 245", |z| <1, y=0, 
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where Q,, and Q’_ denote the limiting values of Q,,’ when y + 0 through 
positive respectively negative values of y. Hence [4] 


M M 

: A , B 
3.3 (ey ee - dé th ————— , 
(3.3) Qn (2) It | (§ —z) a 2s (1—z)m ' 2 (1-+2)m’ 


Am and By» are unknown constants which are real because Im iQ/(z) =0, 
|z|>1, y=0. It will be shown that for satisfying all our conditions at 
x= +1 and the radiation condition at infinity, we need A, and Bm with 
m=1, 2 and 3. When in a function of the two variables x and y only x 
is mentioned it means that y=0. 

Integration of (3.3) with M=3 yields 


\ Qn(2) ae | aaa) In (§—z)d&—iA, In (le 7)0.By Ine(1 a2) 


oe i ‘A B A ;B 
/ a eee eC, 


(l—z) (1+z2) © 2(1—z)2 9 (142)? 


By (2.14) we find 


se! 
DT Oe ae 
Wey = Re Qn(z) = = | 35 (6) x.y) dE +-Ar x(a.) + 
al 
(3.5) ¢ . Asy _ Boy os A3y(1—2) 
~ Bi tel”) — Tepe ~ Wate (1-2)? yy? 
B3y(1+a) ca Ge 


| pnl%,y) = Im Qn(z) = 


= f SE (8) In (E—2)2 +93} dé — 4 In (1-2) +9 + 


on J Ue 


(3.6) « 


2 vo Asl(l—x) Bo(1+2) As{(1 —2x)? —y?} 
+a Ota + Ti areg — Teety t Baer t 
Bs{(1+a)?—y*} 


~ HU Faerye +O 


where Cz and C3 are the real and imaginary parts of C, and the angles 
~4>9,%,>09 and y,<0 are denoted in fig. 2. Because the functions pp 
are even with respect to x we have Am=— Bm. 


Fig. 2. 
The angles x, y, and 4. zex+iy 
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The formulae (3.5) aud (3.6) are valid for each pair of conjugated 
Mr oy ; pear 

functions gp, and w, when — = a = 0 for |z|>1, y=0. However, 
the first equation in (2.17) yields a relation between gn and wn” in our 


case. Combining (2.17) and (3.6) we obtain for |x|<1, y=9, 


' Pn (x) Bpn(x) 
ie *CtC*«<“C;Ci‘i a 
ae 
' x ee | 
(S.7).< = i <P" (é) In |é—2|d&+4rA, In (1—2)+ vA; In (1+) + 
ba Ox 
—] : 
ial vAe = vAe Ps vA3 14 yA3 i, — 5 ot" cake 
(1—2z) (l+a”) 2(1—x)2 2(1+2)? 3 40 ?%n>1 


where to each value of » we choose specific values of Am. as will be 
discussed in para. 4. 
This integro differential equation is the basis for our further investig- 


OPn 
, are 
— (7), are 


ations. A solution is defined when for instance the values of 


prescribed for x= +1. 
In addition we shall use, in the next paragraph, the condition that 


(3.8) f 2 () de 


must have some prescribed value. In order to be sure of the uniqueness 
of the solutions of the special cases of (3.7) we prove the following 
property. 

When v>0 and +> 0, for which regions these parameters have physical 
meaning, the equation 


+1 
P a2 DT aes s ‘ 
(3.9) f(x) — tT f(x) = = | f(é) In |&—a| dé +C, 
—] 
under the conditions 
+1 
(3.10) f fa)dx=0 , f(41)=0, 
—1 


possesses the zero solution only. 
This can be shown as follows. Multiply both sides of the integral 
equation in (3.9) by f(x) and integrate over x, we find 


+1 +1 : 2° 
(3.11) | Hatde+r i (f(x) d= ~| | f(§) f(x) In | —2| dé dz. 
ay fs —1 =1 


The double integral is negative definite [5] hence the right hand side 
Is negative definite while the left hand side is positive definite. The only 
possibility is f(a) = 0. 
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4. Discussion of the solutions of the integro-differential equation 


First we consider the solution ae of (3.17) with A,=0, 
Ov 
> 33 Spill 
1, guile) _ » f MMi, : 2 en Q 
(4.1) Sed Ce” ee on | =a CE) §—2|d&——- «? — 9031; (41) =0. 


The second index attached to C3 denotes the function — to which 


this C3 belongs, generally Cy,m is the C, which belongs to Sa Because 


we have i(x, 0)=0 for x<—1 we have by (3.5) and Hg. 2, C2 1—0, 


(4 2) prle.y) = = 


(4.3) [ B(e) dx=0. 


il 


This prescribes the constant O31. The function yi(z, y) is determined 
by (3.6) 


1 oD 
(4.4) p(x, y)= — 5 | S(é) In ((E-2)? +97} dé +Cs,. 


By analogous reasoning we can determine four other independent 


: = : - ; 0 . 
solutions of (3.7). Systematically the functions = (a) are defined as 


follows 
41 
2? (x); An=0 : $B (4£1)=0; Co1=0; C51 from [ (2) de=0, 
iil 
al 
) ye S44, 
ae (xz); A,=0 ; == (+1)=1; C2,2=0; Cs, ,, | B@de=0, 
=i 
aol 
; , 
4.5) | 88 (a); Ar=1,42=As=0; 2(41)=0; Cx8=75 C30 ., | Z2(x)de= —22, 
Sil 
+1 
Pa) 1 gi | 0 . 
a, Ag=1, A,=A3=0; = (+1)=0; C2,4=9; C34 5, | Swar=o, 
=1 
aru 
r) 1 i 0 
AEE) A3=1, Aj= A2=0; = (+1)=0; C2,5=0; C3,5_,; | (x) dx=0. 


The uniqueness of the La ah ....5, which shall have to be 


determined by numerical means, follows from the end of para. 3. In 
the following we assume the gn and yp» to be known. It is clear that there 


are no more independent solutions. 
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Some characteristic properties of ga(x, y) and ps(x, y) are the following. 
When x — + 1 and y +0 the function ga(2, y) becomes infinite in such 
a way that for y=0 it behaves as a 6 function of Dirac. Because the 
functions gn(v, y) are by (2.14) directly related to the external pressure Pu 
it follows that qa(x, y) gives rise to singular external forces at x= + 1, y=0. 
These forces cause discontinuities of the first derivative at x=+ 1 of 
the elevation of the membrane. 

At aw=+ 1, y=0 the function g5(x, y) possesses also a singularity which, 
however; is of a stronger type than the 6 function of gv4(x, y), it corresponds 
to a singular moment. By this it is possible that the elevation of the 
membrane possesses a jump discontinuity at w= + 1. 


5. The determination of the velocity potential Jy 
We discuss the calculation of #, from the functions gp. From equation 


(2.12) we have 


(5.1) vOn eens + b. — n- 


This partial differential equation can easily be written in the form 
of an ordinary differential equation in the complex domain. Introducing 


x fe 7 Wn *pv Bon + pw 
(5.2) @®n(x, y)= Re Fn(z); By (BY) = Rei F(z); dat ay (%Y) = Re 1F,(2), 
we can write (5.1) in the form 
(5.3) vF',(z) —t F(z) +it Fy (z) =Qn(z). 


We may add an arbitrary imaginary constant to the right hand side 
of (5.3). This has as influence that the same constant must be added to 
the solution F’,(z), hence by (5.2) 3, does not change. 

The general solution of (5.3) is 


‘S Aylz—C Ax(z—€) As(z—) 
Pets 2 D0 ee 
n( ) a dn( ae —Ag) (As —A1) . (A2 —As) (Ar —Ae) * 7 Pes Tes Ft at; 
(5.4) 0 
3 
] so D) Emn e*m* 


m=1 os 
where the Em, are arbitrary complex constants and the Am are roots of 
(5.5) y—tA+itA=0. 
The Am can be written as 
(5.6) A=—tBi; Ag=ag+ipe; Ag=—oaxo+tBe, 


the «, and f, are real and without loss of generality we may assume 
a2>0. When the surface tension becomes zero we have 2; = —iv, hence 
4, represents waves which can be looked upon as gravity waves. The 
waves which belong to Ay and dg are caused by the surface tension and 
will be called tension waves. 


To equation (5.5) we can apply the Nyquist criterium based. on the 
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Cauchy principle [6] which gives information about the number of roots 
and poles of a function in a prescribed region. We find for y>0 and t>0 


(5.7) pi>0, Be>0. 


When t is sufficiently small, which happens in general for ship models 
on water, the roots (5.6) can be written approximately as 


(5.8) A= —-wW ; hy wy brh+ 7 O(a"). 


This means that in this case the wave length of the tension waves is 
twice the wave length of the gravity waves. 

The part of (5.4) with the exponent 4, z remains bounded at infinity, 
hence we first turn our attention to Hen and H3,n. We have two regions 
I and IT (fig. 3) in which respectively Re 422>0 and Re jgjz>0. When 


Fig. 3. The regions of exponentially increase. 


the point z moves along a radius towards infinity within the region of 
overlapping of I and II we have to choose 


e af e426 ne. ip 9 1 BavyGao se. : 
(5.9) Hen = — a1 Tada) Epa) (5) 6 E34= — | Up ta) ta day eS) ES, 
L L 
where J denotes the path of integration. 
The integrands in (5.9) are exponentially decreasing analytic functions 
hence it does not matter where we take the lines of integration within 
the corresponding regions I or Il. When we choose the negative y axis 


which is in both regions, we find 
(5.10) . _Be n= — Es. 

Hence we have to calculate one quantity only, for instance He,,. For 
this we take the positive a-axis, with an indentation at w=1 in view 
of the singularities of Q4(z) and @s5(z). as the line of integration (fig. (3)). 
We introduce the notation 


( (A —A2)(As— 41) =p1;~ (Ag—Ag)(Ai— Az) = Po + 292; 


a ee 7 GMO eee 
' Herewith we obtain 

Eoa= — E3,n= 
(5.12)9 = as [ e-™[{ —qzpn(€) + popnlé)} (cos Boé—t sin Bae) + 


0 
— ipa pn(£) + 92 nl é)} (cos B2é—7 sin B2é)} dé, m= 1,2, 3. 
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The function Q4(z) possesses a pole at z=1 (3.4), (4.5), hence we have 
a contribution from the small semicircle around z=1 


| B2,3= — E3,4= 
: f e~ 8 [f — qo ga(é) + po pa(&)} (cos B2E—1 sin Pz) + 


~ (po? +q2”) 


rte %s 


| — ifpe pa(E) + q2pa(é)} (cos B2&—7 sin Bz §)] dé + 


_ — * _ f(g9 cos b2 + p2 sin fe) + 1(p2 cos B2—q2 sin fe)}. 
Tatra (92 008 Pa + pa sin fa) + o(P 

From the function Q5(z) we have to subtract the non integrable part, 
which follows from (3.4), (4.5) and we have a contribution of a pole 
Deel 


1 ogee ' Se cy ey ae 
| = ara e [ {—a2¢5(€) + pe ps(€)} (cos Ba é ?sin f2&)+ 
0 
| — t{ pz ps(E) + q2 ps(§)} (cos B2é—71 sin pz) + 
| : 


— 3 {(p2 cos Pz— 2 Sin fz) — t(qz Cos By + pz sin B2)} | d& + 


e—os 


Se ee es —q2 sin B2)(1—2aBho+imae) + 
21(p22 +2?) (pe ons Fae Part Pa 2) 


+ (gz COS Bg + pz sin Be) (mxg—1 + tP2)}. 


The singular behaviour of #,(x, y) for (x,y) + (1,0) follows from 
(5.4). We have the following relations 


l i l Ag! 
(As re rn rca er 


0 1<0,1 
(A, —A2) (As —A1) (Az —Ag) (A1 —A2) (As —A1) (A2 —As) ah PH ie 


wo 


the cases />2 can be reduced to (5.15) by the use (5.5). When (z—¢) 
is sufficiently small we can expand the integrand in (5.4) and using 
(5.15) we find 


(5.16) Qn(6){—4(z— ¢)2 + O(z — £)3}. 


It follows that for »=5, in which case Qn(£) possesses the strongest 
singularity, which is of the order (1—£)-%, the function F'5(z) behaves 
as follows 


(5.17) Line F(z) = const +O((1—z) In (1—2z)). 

From (5.17) we find that the derivatives of 05(z, y) and hence the 
velocities of the water in the neighbourhood of the points x= -+ 1, y=0 
become infinite of logarithmic order. This is physically admissible because 
then there are no sinks or sources at these points. 

It can be proved that we have more than boundedness of the sum of 
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the four terms in (5.4) with A: and sont 2 the exponent and that this sum 
tends to zero for |z| oo. For n=1, 2,3 we find 


fim (a, 0) = 
\ tc 00 * 
3.18) < ; 
é Re lim F,(z)= lim Re [ | Qn(€) et @-8 dé + Fyn eke}, i= Bd. 


@w—>+0O x—>-+ co 


\ 0 


When we put Hi n=Tin+1T2,n it follows from %, and gn being odd 
functions and y, being even with respect to x that 71,,=0. Hence we have 


ae n(x, Wes 


cos Pix i en : a 
— = [| {pn(§.0) sin Bi E+ (yn(€, 0) —C3,n) cos Pas} es ‘+ 
(5.19) i? "8 
sin Pix E I i 
ar a fi, tPn(§, 0) cos B1E—(yn(F, 0) —C3,n) sin BS} dé + 
a a a T2,n cps | ma kin cos Br Lr (k2,n + T'2,n) sin Pix, BN 


where we have introduced the abbreviations kj,, and kz, and have 
subtracted from wn(é, 0) its asymptotical value C3,, in order to obtain 
convergent integrals. 
For the functions #4(x, 0) and J5(x, 0) we find, when we take care of 
the singularities at x=1, y=0 the following 
Polim oa(2, 0) = 


a—>-+ co 


el f seo J) sin By é + (p a(€,0)— C'3,4) cos fy &} dé + zsin Bi | + 


=F anny d {+ ga(E,0) cos Br & —(ya(E) —Cs,a) sin Pr §5 do + 


0 


ee eos Ap laa cpr | = ky4 cos fi v+(ke,a+T7'2,4) sin B12, 


; - { B 
= ae [ ¢ | ps(&,0) sin pié+ (ws(&, 0) —C3,5) cos fpré— Tuas i ;\dé ae 


y co 
(5.21) ee +4) cos f1 |+ Sahel ¢ | pa(é, 0 ) cos Bié+ 
0 
— (ps(&, 0) — ) sin Bi é + +e |e dé + (E+ 4) sin fpi- Fe + 


4-1 5 cpr | = ky,5 cos Br x+(ke,5 + 72,5) sin P12. 
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For the time dependent velocity potential (2.2) we obtain 


‘lim Pala, 0)(d1,n Cos t+ d2,n sin t) = 
itis = ${a1,n kin —2,n(ke,n 4 T'2,n)} cos (fi x+#) + 
+ 4fa1,nk1,n + 42,n(ke,n +T2,n)} cos (Bix —t) + 
| + 4401, a(ken +T'2,n)+42,nk1,2} sin (612+) + 


4, $ {ay ,n(Ke,n +T2,n a a2,nKi,n} sin (p12 —b). 


— 
oo) | 
bo 
bo 
poe 


The first and the third term of (5.22) represent waves which come 
in from infinity, the second and fourth term represent waves travelling 
towards infinity. 

From above considerations it follows that only the gravity waves 
can reach infinity and radiate energy, the tension waves die out. 


6. Determination of the constants and the solution of the problem 


We now investigate which boundary conditions are satisfied by 
(6.1) O(a, y, th= > Pn(x, y)(di,n COs t+ d2,n sin f), 
n=1 
where @1,;=1 and d2,,=0. We tirst determine the number of unknown 
constants in 6(a, y, t). By (5.4) we see that each ?,(x, y) can be written 
in the form 


(6.2) On(x, uv) =O," (2, y) = Re Ein eat — In* (x, y) eT T's." sin Bix eh, 


Hence instead of (6.1) we have 


(6.4) \ (ay, t) = ¥ On*(x,y)(A1,n Cos t+ d2,n sin t) 


n=] 
/ +e” sin Bi a(y1 cos t+ ye sin t), 


5 5 
vi > a1,nT2,n > a= > d2,nT'2,n. 


n=1 ne=1 


From this it follows that we have ten unknown constants V1, ¥2; di,n and 
Go ny 1 oe wena Oe 

From (2.8) we find that 6(a, y,t) has to satisfy 
(6.5) = = «x .c0s t, |a|<1;.09 — - ~ ta = 0;|z|>1; y=0. 

First it may be remarked that the condition of boundedness of 
A(x, y,t) for (x,y) —>.0o is satisfied. This follows from the way in which 
the constants H»,, and H3,, were determined. By equation (5.1), from 
which the functions #, were determined, we see that the second condition 
of (6.5) is satisfied, because pn(a, y) is zero for |x| >1,=0. It remains 
to consider the first condition in (6.5). 


The only thing we know is that #, is related to Pn by (5.1) and that 
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gn Satishies the first boundary condition in (2.13). This means that 
certainly 
, 06 036 06 


> 6 
6.6 y2 —— -2 + 72 — 
( ) og a a "Jatoy eae Ow OY 


= av2x cos ft, |2| <0; 


This is an ordinary linear differential equation for 2 when y=0. In 


order that the first condition of (6.5) is satisfied we have to demand 


06 ee ee 
= Og Oe (0 Oe cast, 
a oy oadys ” 
(6.7) . 
r) - 046 , O20a OBO te a 
—— (0,0,f) = ——(0,0 = = A= 
ae ) Sey | st) out oy ONY dn? dy (0,950) 


However, the #,(a, y) are constructed as odd functions of x. This 
means that we only have to require 


d26 _, »46 986 
sady (0 0,4)=« cos f, Tay COMO A ee ay 


(6.8) (O00 = 

As (6,8) holds for all values of ¢t these three conditions yield six 
equations separately for the cosine and sine coefficients. In addition the 
radiation condition at infinity must be satisfied, which states that the 
coefficients of the incoming waves sin (f,”+t) and cos (f,a+#) are 
zero. Together we have eight conditions for the ten unknown constants 
in (6.1). 

These eight equations can be written in simple forms. In order to 
determine the three derivatives in (6.8) we first consider the corresponding 
derivatives of the functions #,(x%, y). These can be calculated from (5.4) 
by means of 


(6.9) Om 


= (m)(z 
sam — Ja" dy —___— Jy, = Re litt, (z i), 


For this calculation the relations (5.15) are useful. After some reductions 
we can write the equations (6.8) in the following form 


5 : 3 le ; - 
(6.10) Da,1 Ret > 2, uit = 5: 

es 2 m=2 2 

5 3 f 7 

4 Pn es Bina fo 

Cay ee n[—Rer Y Bandy +2(0)|— 7781 = 9" 

5 oe: ; ha ee 
(6.12) > Gp ee Ta er = A 

m=1 2 m=2 2 


The radiation conditions are easily formulated by means of (5.22), 


we obtain 


5 

(6.13) > {a1,nk1,n—G2,nke,n}—y2=9, 
n=1 

(6.14) 54) 41, nko,n+ a2, nk nt t+yi=0. 


n=1 
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We have still to find two more conditions. These come, as has been 
said in the introduction, from the prescription of the displacement A(t) 
of the membrane or of its tangent s(t) for 2 1 from the right hand side 
(fig. 4). To find these two conditions we have to consider the elevation 
of the surface. 


Fig. 4. The motion of the membrane in the neighbourhood of « = + 1, y = 0. 


From (2.5) when we introduce dimensionless coordinates we obtain 


5 | ays 06 ob 
(6.15) i hea = ae Py. 


First we consider the case that the jump discontinuity 4; of the 
membrane at «=1 is given. When A(t) is given in the form 


(6.16) h(t)=, cos t+ ag sin f, 
we obtain 
(6.17) A,= +a; cos t+ (ag—«) sint. 


This discontinuity is connected uniquely to the magnitude of the 

singular moment of the external pressure Py. From the boundedness of 
00 : ae : ‘ : 

ys and 5 at w=1, we find from (2.14), (3.5) by equating the derivatives 


of the 6 functions at both sides of (6.15) 


: 1 
t{+ «1 cos t+ (a2—«) sin {id 1—72) = 
L 3S dx 


(6.18) — 
= (4,5 sin t —dg,5 cos t) 3 a Ol — 2) 
or 
» » 
(6.19) 4,5 = = t(x2— or) » 25 = — = FO. 


Hence we have found two more equations and the problem is determined. 
Next we consider the case that the right hand side derivative of the 
membrane at 2=1 is prescribed. When s(t) is given as 
(6.20) s(t) =f, cos t-++ Bg sin ft, 
we find for the jump discontinuity dy of the tangent at x=1 


(6.21) Ay= + Bi cos t+ (B2—«) sin t. 
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Again from (2.14), (3.5) by comparing the 0 functions singularities at 
both sides of (6.15) we find 
(6.22) {+1 cos t+ (B2—«) sin t} d(a) = (ay,4 sin t —a2,4 cos t) 26(2), 


or 


. g 2 8 
(6.23) 1,4 = = (B2—) , a2,4—= —= fh. 


Hence we have found two extra equations and also in this case the 
solution is determined. 


From (6.15) we can calculate the elevation of the free surface. The 
general solution of this equation is 


\ Yys(x,t) = Dy(t) e/V* + Do(t) e-2/V™ + 


(6.24) < is ee se 
/ = |B G00 = dé. 


Because this solution has to remain finite for 2 ++ 0o we have from (6.1) 


& 
Ss 


{> In(&. 0) (—a1,n sin t+ d2,n cos t)} en de: 


(6.25) Di(t) = — 


When the elevation at «=1 of the membrane is given (6.16) we have 
(6.26) ys(1,t) = Dy(t) eV? + Dy(t) e-¥/V* = a1 cos t+ a9 sin t. 


When the discontinuity of the tangent at w=1 is prescribed (6.20) 
we have 

gn, 2 1 Vt —1/Vt , 
(6.27) an Yell. 8) = = yg Putt yell? — Do(t)e VI) = By cos t+ Be sin bt. 
T 
Hence in both cases we have two equations for Dj(t) and De(t) and 


the surface is determined. 


Fig. 5. The two special cases. 


It is possible to consider two special cases, first there is no jump 
discontinuity of the elevation, then in (6.17) 01=0, a2=a, second, the 
right hand sided derivative of the free surface for x=1 is zero, then in 
(6.20) f1=f2=0 

Both cases are drawn in fig. 5, in the first the membrane of the surface 
tension is connected to the dock, in the second, the edge of the dock 
and the boundary of the membrane have no direct interaction. 


7. The case of zero surface tension 
In this case we have t=0 and hence the integro differential equation 
(3.7) becomes an ordinary integral equation of the second kind. This 
equation reads as follows 
+1 
\ 2fe(n) = 2 [Som 
/ 2 + vA, In (1 +a)— yC'3 ‘ : AR 


&—a|dé+vA; In (1—2)+ 


— vag* 


(7,1) 


n>1 


where it is now not allowed to prescribe boundary conditions for its 

solutions and where we have only considered the coefficients A; and 6. 

The physical reason for this latter limitation is that because of the 

absence of the membrane we do not need singular forces and moments 

at the edge of the dock. It will be seen that a sufficient number of 
solutions are obtainable to meet all the conditions. 

; : Ge : , anak 

In this problem the function = (x) which is caused by the possibility 

Ow . . 

of prescribing the boundary values for «= + 1 does not occur. Hence 


° og og 2 . . ° 
we have to consider only = (2) and s(x) which satisfy the equations 


+1 
- oP1 yf O9n) = e 
) ee Oo _> — x | EO es ae QE i a, el 
(7,2) Sa (*) a ya (§) In |é r\dé alate vC'3.1, 
—1 
+1 
ny OM: > f Os,» = 
(7.3) =~ (2) = - = (é) In |§—a|d&+yIn |1—2|+rIn]I1 +2a|—vC3\3. 
-1 


The condition for the constants C3 and C33 are given in (4.5) and 
the functions qi, g2. yi and ye follow from (3.5) and (3.6), 
The equation (5.3) for the function F',(z) changes into 


(7.4) vF'n(z) —i F'n’ (z) = Qn(z). 


From this equation follows 
(7.5) On(z, y) = Re Fn(z) = Re {i f Qn(C) em de4+- fag e 
0 


where the constant £),, is imaginary because (2, y) is odd with respect 
to x. In the notation of para. 5, Hy.,=iT sn. 
The boundary condition analogous to (6.6) which is satisfied by 


\ A(x, y, t)=01(a, y) cos t+ Ja(x, y)(a1,3 cos t+ ag.3 sin t) = 
(7.6) | = O1*(x, y) cos t+ d3*(x, y)(a1,3 Cos t + a9, sin t)+ 
+e®Y sin Bra(y, cos t-+ y2 sin t), 


is 


9 00 086 
(57) yp — ay? av? x cos t, 


Hence we have to require 


> 06 226 536 
7.8 = (0:050) = 0 5. \—= costs — = 
(7.8) 39 (00,8) =0 5. 555 (00,8) =a cost; 55 (0,0,4)=0. 


° ; oe Aa? : 
The first and third condition are satisfied automatically because 
A(z, y, t) is ann odd function with respect to a, there remains the condition 


026 
xdy 


(7:9) (0,0,¢) =a cos ¢: 


[7 


Also we have the two radiation conditions. From these and from (7.9) 
it follows that we have to satisfy equation (6.10), (6.13) and (6.14), where 
now @,1=1, d2,3=41,2=@2,9= 41,4 = 2,4 = 01,5 = 02,5 = Ho n= E3,..=0. These 
are four linear equations for the four unknown constants. 

Hence the solution of the rolling dock on the water surface without 
tension is determined. 


8. Concluding remarks 


It is our aim to consider the rigid dock rolling on the surface of the 
water, whereas on the free part of the surface a membrane is spread. 
In para. 2 we converted this problem into a problem for a membrane 
spread over the whole surface. At the place of the dock it was allowed 
to apply external pressures P,, (2.14) to the membrane so that this behaved 
as a rigid strip. Next we determined the velocity potential of the fluid 
motion, by which also the external pressure P,, expressed in the 
functions gn, is known. This external pressure, however, does not yield 
after integration the moment we have to exert on the rigid dock, in 
order to obtain the desired fluid motion. We consider separately the two 
cases, drawn in fig. 5. 

In the first case, that with the membrane fixed to the edge of the 
dock, we find a singular force acting at the edge x=1. This force is caused 
by the vertical components of the tension in the membrane at both 
sides of «=1. However, in the case of the rigid dock the tension for 
|| <1 does not exist at all, hence we have to reduce the singular force 
by the amount 


(8.1) — ar sin t. 


In the second case the singular force has to be neglected completely 
on base of the preceeding argument. Here, however, singular moments 
arise from the tearing up of the membrane at #=1. These moments do 
not exist in the problem we want to solve, they originate from the 
formulation in terms of the two sided infinite membrane, hence they 
have to be neglected. 


Netherlands Ship Modei Basin, 
Wageningen 
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CHEMISTRY 


USE OF ANOMALOUS SCATTERING IN 
X-RAY ANALYSIS OF PROTEINS 
CORRECTION FOR ANOMALOUS SCATTERING FROM LIGHT ATOMS 
BY 


A. DE VRIES !) 


(Communicated by Prof. J. M. Bisvorr at the meeting of February 27, 1960) 


The anomalous scattering effects, being used more and more during 
recent years in the analysis of relatively small molecules, appear to be 
useful also in the study of protein crystal structures. 

However, as BLow (1958) has pointed out, it is no longer possible to 
neglect the anomalous effect of the light atoms when studying a protein 
to which some heavy atoms are attached, especially not when the protein 
contains sulfur or iron. This will be clear from the comparison of the 
r.m.s. values of the anomalous scattering amplitudes of the different 
components of $ molecule of a Hg-haemoglobin compound (BLow, 1958) 
in table I. 


TABLE I 

Anomalous scattering in Hg-haemoglobin 
Components of V>A #2 
+ molecule eg ae 
‘ CrKx Cuk «x —radiation — 
1580 C + 397 N + 4390 atoms 0.84 0.60 
7 S atoms 2.6 Weiss 
2 Fe atoms 1.3 4.8* 
0.65 Hg atoms 9'3* 5.2* 


* The table given by Biow (1958) contains some errors (BLow, 1960). Further- 
more BLtow emphasized that the contribution for Hg, occupying one single position, 
should be calculated as } Af’, rather than //> 4/”?. 


In his calculations on the anomalous effect BLow takes into account 
only one of the three terms involved. Therefore it seemed useful to look 
for the result when all three correction terms are considered. 


1. Notation and general formulas 


fit+iAfi” scattering factor of atom 7 


Fi structure factor of the heavy atoms only 
Fr, structure factor of the light atoms only 
F structure factor of all atoms 


1) Laboratorium voor Kristalchemie der Rijksuniversiteit, Catharijnesingel 51, 
Utrecht, The Netherlands (permanent address) and temporarily Biophysics Depart- 
ment, Roswell Park Memorial Institute, 666 Elmstreet, Buffalo 3, N.Y., U.S.A. 
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Fu, F, modulus of > fi exp {igi}, the sum taken over only heavy or 


light atoms respectively 
Fy", Fy" idem for > Afi” exp {igi} 


A cosine part of an F 
B sine part of an F 
y phase angle of an F 


Considering a structure containing both heavy and light atoms, with 
a centrosymmetric array of the heavy atoms and a non-centrosymmetric 
array of the light atoms, the following formulas are obtained for the 


different structure factors: 
Fu=>(frt+iAfr") cos pe=Ant+iAn" 
Fr = >(f;+iAfy") exp {igj}=Ar+tBL+iAz"— Br" 
F =Fy+Fyp=(An+Az— Bz")+i(An"+Az"+ Br) 
From the last formula the difference between F2(hkl) and F2(hkl) is 
(1) AF2=4B,Ayn"+4B,Az" —4B,"An—4Bz" Ax 
When the anomalous effect of the light atoms is negligible, this formula 
is reduced to AF? —4B, An" 


AF? can be measured and, the array of the heavy atoms being known, 
Ay” can be ealculated. Thus from this formula Bb; can be calculated, 
and from this in turn the phase angle mz of Fy, (apart from the ambiguity 
between gy, and a—qz). More particularly the sign of By can be calculated 
from the relation 


(2) sign of B,=sign of AF? x sign of Ay” 


2. Statistical evaluation of the effect of the light atoms 


In proteins, however, where the anomalous effect of the light atoms 
is not negligible, the following correction terms can be seen to appear 
in the right hand side of (1): 


(3) 4B,A,"—4B,"A,—4B," Ay =4C 


And when we still want to determine the sign of By, from (2), because 
the value of the correction terms cannot be calculated, we will find the 
wrong sign for Br, when C and B,Ay” have different signs when 
|\C|>|BrAy"|. To calculate the probability that this will happen, the 


. 


expression (3) is rewritten: 


C=F,F," (sin gr cos g,”—sin yy," cos gt)—AnF,” sin oy” 
(4) C=F,F," sin (y,—o1")—Ay Fy" sin Pi 


As further calculations depend on the relation between gi and yz”, 
two cases will be considered separately. 
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2a. Systematic equality of mz and PL 
This situation will occur when both Fy, and F,” are practically 
determined by atoms with about the same value of f/4f", for instance 


when all light atoms are equal. With the relations ,” ~ pi, and 
Fy"/F. = Afr" /fr formula (1) is now reduced to 


AF?=4F,Ay"” sin gip—4An F,” sin PL 
= My sin pii\Axy” — AxAfr"|fr) 


From this formula we can again calculate gz both in sign and in 
magnitude, so in this case the anomalous scattering from the light atoms 
gives no difficulties. 


2b. Complete independence of gz and o,z” 

This situation will be encountered in such compounds as haemoglobin, 
where Fy is almost completely determined by the C, N and O atoms, 
whereas the Fe and S atoms are responsible for the major part of F,”. 

The ratio between the mean values of the terms in the right hand 
side of (4) is determined now only by the ratio between the mean values 
of Ay and F,, which is rather small in the case under consideration: 
a few heavy atoms and many light ones (with Hg-haemoglobin 


VAy2|VP:2 =} for sin 0/4=0.05) 


Therefore the distribution function for C can be approximated very 
well by that for the first part of the right hand side of (4). Moreover, 
as we are considering the case that gr, and gz,” are independent, the 
distribution functions for sin (g,— gz") and sin gy" are the same and 
so the probability that |C|>|B,Ay"| equals the probability that 


F,F1" | sin px"|>|BrAn'| 


or that 
peya =\Ag sin pL! 
or that 
=| > | An’). 
in. Pr 


We shall now omit for convenience the index 1 of sin yz and use the 
symbol S for 6;"/sin ¢. 

To calculate the distribution function for S we shall assume that By," 
has a normal probability distribution. Of cause this is only true when 
a large number of atoms is contributing to B," and therefore this 
assumption is probably not always valid; for instance, when haemoglobin 
is irradiated with CuK« radiation the major contribution to By," comes 
from eight Fe atoms per unit cell, of which only two are independent. 
However, it seems to be the best assumption that can be made. So the 
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normalized distribution function for B,” is given by 


yee eee 
(5) w( Br") aa” EXP | — ap7| 


with R’—! B,"2. From this the probability that S lies between S and 


SidS while sin p is constant is 


,_ |sing| . { _ S?sin??) a6 
POS) sing dS = 2x R” exp | — ors | us 


the probability that S lies between S and S+dS while sin lies between 
sin g and sin g+d sin @ is 


|sin P| exp —_ S?2 sin? g¢ | 1 
2x R” a 2R”2 | a\cosp| 


dS d sin p 


y(S, sin p)dSd sin q 


and the probability that S lies between S and S+dS with no restrictions 


on sin @ is 
1 
2dS [ x kan | 


——| @XP | — spre] dx, 
aR" Vind Vi—a? 
{ 


wiS) ds =: IR” 
) 


with x=sin Pp 
The probability of finding the wrong sign for B, from (2) is given 
by the probability that |S|>|4y"| while S and Ay” have different signs, 


so by 
fe.) 1 
2 R nor z S2 x? 
P = — | aS | : exp = spa | ae, 
ah” V 2a + J V1l—a? ine 
|4y" 0 
or, changing the sequence of integration, by 
1 oo 
2 Of oe of y 
(6) P= —|—, | exp |— 41 dy, 
nV 2z ¢ 1—a? , 2 
0 Hx 
: Sa Ay” : » 
with y ==> and H = ef = the “heaviness” of the heavy atoms compared 
V 


with the light atoms in relation to the anomalous effect. 

The integral over y is tabulated for instance by HaLp (1952) and then 
the integral over a can be evaluated numerically to give P as a function 
of H. In fig. 1 P as a function of H is compared with the probability 
calculated from Blow’s formula as a function of H as well as of 3H 1). 

It can be seen that for all values of H our function gives a higher 
probability of finding the wrong sign. This might explain why BLow 
(1958), even with the wrong R’, found the disagreement between the 
Cu and the Cr measurements to be slightly higher than calculated. 


') The value of R” used by Bow in his paper (1958) was erroneously |/2 times the 


correct value (BLow, 1960). So to compare his results with ours we have to plot 
his formula as a function of /$H. 


} Probability of 


error in sign 


0.4 


03 


0.2 


O.1 


[Oke] - ‘ 

1 2 3 e 5 6 7 8 9 10 
Fig. 1. Probability of error in the sign of Bz determined from the anomalous 
effect when the contribution of the light atoms is ignored, plotted against H = the 
anomalous effect of the heavy atoms compared to that of the light atoms 


co [o,@} 
He ip au? 1 902 
es ee ae 4 p=—— |[ say | 2 Eee 
. ra @4 oe 
Zs Vin 


c) P according to formula (6). 


3. Measurement of the effect of the light atoms 

However, another and more general way to determine the sign of 
gx_ can be found, not so dependent on the value of Ay” or the relation 
between gz, and gz". 

It is evident that correction for the anomalous scattering of the light 
atoms is necessary only when this anomalous scattering can surpass 
that of the introduced heavy atoms. Thus, for the reflections concerned, 
it would be possible to measure the anomalous effect of the isomorphous 
unsubstituted compound also. This leads us to consider such case more 
detailedly. From (1) it can be seen that the anomalous effect for the 


light atom compound is given by 

AF ,2=4B,A,"—4B," At 
and using this result in (1) we obtain for the anomalous effect of the 
compound containing both heavy and light atoms 


AF?=4B,Apn" +AF,?2—4B," Aug, 


(7) AF2—AF,2=4B,An" —4B," Ax 


If it be allowed to neglect the term 46,"Ay, this formula would provide 
us again with a means to determine the sign of By, by the relation 


(8) sign of By=sign of (4 F2—AF,?) X sign of Ay 
The correctness of the result from this relation depends on the 


probability of finding the same sign for B,"Ay.and B,Ay” when 


|By" An|>|BLrAxn’| 
or 
Fl 
An , 


(Bi | > | Br 


As a distribution function for B,” we shall use again (5), and because 
Ay"/Ay is known the distribution function for BrpAy"/Ay is the same 
as that for B,, which is of the same kind as that for B,”. So the probability 
is larger than 


of finding the same sign for By” Ay and ByAy" when |B," 
some fixed value of |B,Ay"/Ay| is 


co 
1 By” ” 
—— | exp |— =4,.|d Bz’, 
/azR” |” 27} 
|Bp 4g" /Ay| 


and this, multiplied by the distribution function for B,Ay"/Aq and 
integrated over all values of By, gives us Q, the probability of finding 
the wrong sign for By: 


+00 foe) 
ii i an Br \ . aa B,"2 Be 
Q = sR | XP | — FR: | d By | eXP | — 5p | Ux’, 
=o |BrAn"/An| 


with R= VB2. With 4 =a, 4! =« and = = y this gives 
“1H 


dz RY R R 
G == | exp | — >| dx | exp | Fl dy 
0 et 


The integral over y can again be found in tables and then the integral 
over x can be evaluated numerically, giving Q as a function of «, which 
in turn is a function of @ and of the compound used. If we again take 


as an example the Hg-haemoglobin with CrKw radiation the values of 
sin 6 


o« are 29, 20 and 18 for 7 = 9.00, 0.05 and 0.10 respectively, and with 


these values of « we get for Q: 0.012, 0.016 and 0.018 respectively. So_ 
with all the reflections in this region (up to spacings of 5 A) the probability 
of finding the right sign for By with this method of calculation is higher 
than 98 %, independent of the value of 4 uw’, while the other method 
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gives results with a probability of 90 ° or more only when H is at least 
2.75 (this corresponds to Ay”=16.8 for Hg-haemoglobine.) 

Of course the practical applicability of this method is seriously limited 
by the accuracy of the measurements and by the degree of isomorphism 
between the heavy atom and the non-heavy atom compounds. This last 
demand, however, is not as heavy in this case as in the case of isomorphous 
replacement, as 4’? in general is only a small correction on A F?. 

In theory at least it will even be possible to determine B, quanti- 
tatively from the relation 


AF2—-AF,;?2=4B,An" 


The error in this formula is given by 4B;,"Ay. With «=18 the proba- 
bility that By” Ay is larger than 10, 17, 22 or 50 % of BzAy” is 15, 10, 
8 or 3 % respectively. To be able to calculate gz from this result it is 
necessary to determine first the sign of Az, from the intensity change in 
the isomorphous replacement. 
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PHYSICAL CHEMISTRY 


THE CONDENSATION AND DE-CONDENSATION OF SILICA 
I. VISCOSITY AND ELECTROPHORESIS STUDIES 
BY 


J. H. DE BOER, B. G. LINSEN anp C. OKKERSE 


(Communicated at the meeting of March 26, 1960) 


1. The formation of polymeric silica from monomeric silicic acid 

A solution of monomeric silicic acid—Si(OH),—may be prepared by 
a carefully controlled hydrolysis either of silicon tetrachloride [1], tetra 
aethyl orthosilicate [2] or tetramethyl orthosilicate [3] or by a careful 
decomposition of a solution of sodium metasilicate by either acid [4, 3], 
or by means of a cation exchange resin in its H-form [5]. If the temperature 
is kept low —e.g. 0° C—and the pH of the solution is in the neighbourhood 
of 2 or 3, this monomeric acid is relatively stable and it does not readily 
react in itself to form condensation products of high molecular weight [6]. 

At pH-values higher than 3 or lower than 2, and at a concentration 
higher than 0.01 °%, hydroxyl groups of monomeric silicic acid react, at 
room temperature, according the scheme: 


(HO)3Si(OH) + (HO)Si(OH)3 — (HO)3Si-O-Si(OH)3 + H20, 
or generally : 


In literature this reaction is often referred to as a polymerization 
reaction [6]. We prefer to adhere to the name condensation reaction, 
because the formation of every new Si-O-Si link is accompanied by the 
liberation of one molecule of water. One might consider to use the term 
condensation polymerization. The advantage of this more cumbersome 
name is, however, not great enough to warrant its use. 

As a result of the condensation reaction an irregular three-dimensional 
network of irregular SiO, tetrahedrons is formed, each silicium atom being 


linked to four oxygen atoms and each oxygen atom being linked to two 
silicium atoms !), 

') Sometimes the silicitum atoms are described as fourfold positively charged 
silicium ions and the oxygen atoms as doubly negative ions [7]; although the silicium 
atoms will, undoubtedly, on the average, have an excess of positive charge and the 


oxygen atoms an excess of negative charge, we must, however, consider the links 
as mainly covalent bonds. 
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At those — arbitrary — spots where the condensation reaction has stopped 
Silicium atoms will be found, still carrying three, two or one OH-groups [8]. 
Fig. 1 gives a very rough schematic picture (two-dimensional) of a 
ey small—particle of such condensed [SiO (OH )ex Jn, with 
Pies pe Da there ae eal 3 pions with 3 LEE SAO 
OH-groups, 3 with 1 OH-group, whereas only 2 Si-atoms are 
devoid of OH-groups. As long as such condensed polymeric particles are 
in (colloidal) solution or in the state of a hydrogel, humerous water 
molecules are bound by the numerous OH-groups of the structure. 
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HOW / | St ee 
=) Sie Va 
ao if fo) fo) OH 
| 2 Or | OH 
HO i > 4 
ya Sc ieee oie fe) 
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Fig. 1 


At the moment that, as a result of the proceeding condensation reaction 
in a silica sol gelation sets in, the gel particles consist of macromolecules, 
which have, mostly, larger values of n and lower values of x than those 
corresponding with fig. 1. During gelation and during the drying of the 
gel the condensation reaction proceeds, until the gel is dry and a so-called 
xero-gel has been obtained [8]. During these various stages the conden- 
sation reaction takes place between Si-OH groups of the same macro- 
molecule or of different macromolecules in the same gel particle, or between 
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the OH-groups of different macromolecules of different particles, thus 
strengthening the coherence of the grains. 

Reversely when water is brought into contact with a dried xero-gel, 
water molecules attack Si-O-Si bonds and convert them into Si-OH 
groups. Consequently, small molecules, such as having, say, n=1 to 5 
and a=2 to 1.2, may enter into solution. They may redeposit, by means 
of the condensation reaction, at such places where the surface energy 
of the particles is high enough, but a certain amount of low molecular 
weight silica (monomeric Si(OH)q included) stays in solution, in equilibrium 
with the silica particles. This solution represents a metastable equilibrium, 
because the non-crystalline silica is not the stable form at room tempe- 
rature. However, the de-condensation process, just described, leads to a 
definite saturation value for the solubility of amorphous silica [9]. The 
solubility data, reported in literature, vary between 0.009 [10] and 
0.015 % [11], at room temperature. These values depend on the surface 
energy of the specimen of silica which is used for its determination; they 
are definitely higher than the figures found for quartz, viz. 0.0011 % [12]. 

The solubility of silica is—in the pH-range up to about 8 —independent 
of the pH [11]. The rate of dissolution (de-condensation), however, 
depends largely on pH. In this and subsequent papers we shall discuss 
the rates of condensation and of de-condensation of ilicium hydroxide 
and of silica respectively, in aqueous media and it shall be shown that 
the rates of these reactions are catalytically increased by hydrogen- and 
by hydroxyl ions. 


2. Viscosity measurements 


The formation of polymeric condensation products of increasing 
molecular weights leads to an increase of the viscosity of the solutions. 
Kruyr and Postma [13] studied this increase as a function of time. 
We repeated some of these experiments and extended them largely by 
studying the influence of pH. The solutions were made by mixing 50 ml 
of a solution of crystallized sodium metasilicate (NagSiO3:9 H2Q) in 
distilled water, of such a strength that it contained 1 °% SiOs, and 50 ml 
of a solution of hydrochloric acid of such a concentration that, after 
mixing, a pre-calculated pH value was obtained. The viscosity of these 
solutions was measured at regular time intervals by means of an Ostwald- 
viscosimeter in a thermostat at 20° C, The reproducibility of the measure- 
ments is about 1 /o9, as is shown in fig. 2, where the kinematic viscosities 
are given for 0.5 % SiOz sols, as a function of pH, after 4 days and after 
13 days. 

Despite the relatively large spreading in the measurements it is clear 
that both the viscosity and the relative change of viscosity are minimal 
in the neighbourhood of pH 2. . 

A 1% SiO» sol was then prepared at pH 3 and kept for 10 days at 
this pH value, in order to produce relatively large silica sol particles. 
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Viscosity of O5°%. S1@>— sols asa 
function of pH. 
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Fig. 2 


By dilution of this aged sol 0.5 % sols of different pH values were then 
prepared. These latter sols were then kept at their pH-values and their 
viscosities were measured after various time intervals. The results are 


shown in fig. 3. 


3. The isoelectric point of silica 

It is obvious to try and correlate the above data with the isoelectric 
point of colloidal silica. Various authors [14] report the isoelectric point 
of silica to be in the neighbourhood of pH 2, though some confusion seems 
to exist as to even the region of pH values where it may be expected to be. 
As quartz suspensions show an isoelectric point at a pH value, somewhat 
higher than pH 1 [15], we may expect the isoelectric point of silica to 
be in the same neighbourhood. 

In order to determine the sign of the charge of the particles in the sols 
of the present study, some simple electrophoresis experiments were made. 
The sols were dialysed in ‘““Nalon”’ sausage skins, resulting in very pure 
sols of low conductivity. A 1 % silica sol of pH 1, obtained by mixing 
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Fig. 3. Viscosity of 0.5% SiOg-sols as a function of pH. (The sols have been 
prepared by dilution of a 1% SiOQs-sol, aged at pH = 3 during 10 days). 


a solution of sodium metasilicate and a solution of hydrochloric acid at 
constant pH, was dialysed for two days. The final pH was about 5.5 and 
the final percentage of silica was 0.5 °%,. From this dialysed sol other sols 
were made with varying pH-values (pH from 1 to 4) by adding an adequate 
number of drops of hydrochloric acid. 

The electrophoresis experiments showed that the sol particles have a 
positive charge at pH values lower than 1 and a negative charge at 
pH-values higher than 1.5. The isoelectric point of a 1 % sol, therefore, 
seems to be in between pH 1 and pH 1.5. 

In a similar way it was found that the isoelectric point of a 0.26 °% sol, 
obtained by dilution of the 0.5 % sol, seems to be at about pH 2. It 
appears that dilution may move the isoelectric point to higher pH values 
as already indicated by the work of LosenpecK [14]. 


The minimum in the viscosity curves seems to be related to the minimum 
of charge of the sol particles. Fig. 3 shows that the viscosity minimum 
shifts slightly towards lower pH values when the condensation reaction 
proceeds. This observation tallies well with the result of VeERWwery [15], 
who found that larger particles of a quartz suspension show a stronger 
tendency to assume a negative charge than smaller ones and also with 
the observation by GRUNDMANN [16]. who found that his positively 
charged silica sols became negative after ageing. Apparently larger 
particles are isoelectric at somewhat lower pH-values than smaller particles. 

The difference in the rate of growing of the particles at different 
pH-values could, qualitatively, also be demonstrated by dialysing 1 % 
silica sols of pH values 1, 2 and 3. After a dialysis of about 27 hours, the 
decreases in concentration were 27.3, 30.5 and 16.2 % respectively. 


4. The catalysing ions for the condensation reaction 

H+ and OH- ions are the potential determining ions of silica sol 
particles. The observations, described above, indicate that the same ions 
may have a catalysing effect on the rate of condensation of silica. In 1902 
FLemMine [17] derived a similar conclusion with respect to gel formation. 
He observed that the rate of gelling of a silica sol was minimal at a pH 
value of approximately 1.5. 

In fig. 4 we show the variation with pH of the gelling time of 5 % 
silica sols; the maximum is clearly demonstrated. In the experiments of 
fig. 4 we considered the sol to be gelled when the gel fulfilled the criterion 
proposed by Hurp and Minter [20], viz. that a glass rod of a certain 
size, put in the gel at an angle of 20°, does not fall over. In older literature 
gelling was, sometimes, considered as being strongly related to flocculation ; 
if this were so, the gelling rate would be expected to be maximal at the 
isoelectric point, hence at about pH =2. If, however, with CaRMAN [18], 
gelling is considered as a normal consequence of the proceeding conden- 
sation reaction, the minimal rate of gelling — maximal time before gelling 


sets in—is easily understood. 
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It looks. therefore, as if the potential determining tons, viz. H+ and 
OH- ions. or the net charges which they produce, are also the catalysts 
for the condensation reaction. There are, as already stated, also various 
statements in literature, indicating this effect. However, ILER [19] recently 
suggested OH- and F~ to be the catalysing ions in the high pH and low 
pH regions, respectively. In subsequent articles of this series we intend 
to show that. although F- ions may catalyse the condensation reaction, 
H+ and OH>- ions must be considered as the normal catalysts. 


gelling time (minutes) 


Fig. 4. Variation of gelling 
time with pH of formation, 
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5. Summary 


Silica sols are positively charged at pH-values below — roughly — 2, they 
are negatively charged at pH-values higher than this figure. This iso- 
electric point is shifted to somewhat higher pH-values when the sol is 
diluted. Larger particles show an isoelectric point at somewhat lower 
pH-values. 

The potential determining ions—H* and OH ions, or the net charges 
they produce — catalyse the condensation reaction of —SiOH groups. This 
condensation is, consequently, minimal at the isoelectric point. 
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PALEONTOLOGY 


TERTIARY FORAMINIFERA FROM N.W. DUTCH NEW GUINEA 
BY 


W. P. F. H. DE GRAAFF 


(with 1 plate and 2 sketch maps) 


(Communicated by Prof. I. M. vAN DER VLERK at the meeting of March 26, 1960) 


Dr. G. J. H. Motenaraarr, former leader of the “Mijnbouwkundige en 
geologische onderzoekingen in Nederlands-Nieuw-Guinea’’, sent a number 
of foraminifera-containing limestones from the river-basin of the Moon 
and Koor (northern part of the ‘““Vogelkop’’) and from the islands Doom, 
Salawati, Batanta and Kofiau, to the Rijksmuseum van Geologie en 
Mineralogie. 

The director of the museum, Dr. I. M. vAN DER VLERK, gave these 
samples to me for determination. Since it proved to be impossible to 
separate the foraminifera from the matrix, the determinations had to be 
based on non-orientated thin sections. As, however, the limestones 
originate from regions that previously have not been explored geologically, 
a publication of the results of these investigations seems to be justified. 


I. Northern part of the Vogelkop: river-basin of the Moon and Koor. 


No, 315b 2} km West of Valse Kaap. 
A limestone breccia with augite andesite components, containing: 
Austrotrillina howchini (SCHLUMBERGER) (plate, fig. 1), Heterostegina 
borneénsis VAN DER VLERK, Spiroclypeus sp., Neoalveolina sp. (plate, 
fig. 2), Quinqueloculina sp. (plate, fig. 3), Rotalidae, Orbulina sp., 
Globigerina sp., corals (very numerous), algae (numerous). 


No. 806 Upper course of the Soengo River (southern part of the Tosem 
Mountains). Massive fine-grained light coloured limestone, containing: 
Lepidocyclina sumatrensis (BRADY) (plate, fig. 4), ?Miogypsinoides, 
Heterostegina sp., Gypsina sp., Globigerina sp., corals, algae. 


No. 660 Soejouw River (right tributary of the Koor River). 
Light coloured limestone (boulder), containing: 
Lepidocyclina ef. parva OrrENoortH, Lepidocyclina sp.., Operculina 
sp., Heterostegina sp., Amphistegina sp., Gypsina globulus Reuss, 
Marginopora vertebralis (QUoy and GarMarD), Globigerina sp., algae. 


No, 380a Quarry at the lower course of the Remoe River (the mouth of 


the Remoe River lies 4 km S.E. of Sorong), 
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Limestone breccia (Jefman breccia), containing: 

Lepidocyclina cf. sumatrensis (BrRaby), Lepidocyclina cf. parva 
OPPENOORTH, Miogypsina s.str. sp., Austrotrillina howchini (SCHLUM- 
BERGER), Heterostegina sp., Flosculinella bontangensis L. Rurren, 
Operculina sp., Marginopora vertebralis (QuoY and GAIMARD), algae, 
corals, Globigerina sp. 


Il. The isle of Doom. 


No, 222c¢ Garden and 25 m north of the garden of the former house of 
the resident of N.W. New Guinea. 
Sandy part of limestone in conglomerate, light grey limestone, 
containing : 
Miogypsinoides sp., Lepidocyclina sp., Heterostegina borneénsis VAN 
DER VLERK (plate, fig. 5), Miogypsina s.str., sp., Cycloclypeus sp. 
Amphistegina sp., Orbulina sp., Gypsina sp., corals (very numerous), 
LIithophyllum sp. (numerous). 
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Ill. The isle of Salawats. 


No. 438 Out of the Waidjang River. 
Massive grey limestone (boulder), containing : 
Lepidocyclina sp. sp.. Katacycloclypeus sp. (plate, fig. 6), Planorbulina 
larvata (PARKER and JonEs), Rotalidae, Amphistegina sp.. Cyclocly peus 
sp., algae, Globigerina sp. (very numerous). 


No. 718b Salawati (900 m east of Cape Dadi). 
Fine-grained dark coloured limestone, containing: 
Lepidocyclina parva OPPENOORTH (plate, fig. 7). Miogypsina s.str., sp., 
Operculina sp., Amphistegina sp., Orbulina sp., Globigerina sp. (very 
numerous), algae. 


IV. The isle of Batanta. 


No. 01 North Batanta (east side of Warai Bay, 1} km N.E. of No. 909). 
Light coloured Operculina limestone (Warai limestone) (boulder), 
containing : 

Lepidocyclina sp., Operculina sp. (very numerous), Planorbulina sp., 
Orbulina sp., Heterostegina sp. 


No. 2b South-west coast of Gegenlol Bay. 
Massive yellow-brown limestone (Warai limestone), containing: 
Lepidocyclina (Nephrolepidina) sp., Operculina sp., Amphistegina sp.. 
Rotalidae, Globigerina sp. (numerous), algae. 

No. 7 South coast of Gegenlol Bay. 
Fine-grained grey limestone (Warai limestone), containing: 
Eulepidina sp., Amphistegina sp., Operculina sp., Globigerina sp., 
algae. 


No. 3la North Batanta (north-west side of Warai Bay). 
Light limestone (Warai limestone), containing: 
Lepidocyclina japonica YaBr (plate, figs. 8 and 9), Operculina sp.. 
Rotalia sp., Heterostegina sp.. Amphistegina sp., Alveolinella sp.. 
Planorbulina larvata (PARKER and JoNngEs), Globigerina sp., algae. 


No. 3lb North Batanta (north-west side of Warai Bay). 
Light coloured limestone (Warai limestone), containing : 
Lepidocyclina sp., Lepidocyclina with trybliolepidine nucleoconch 
(plate, fig. 10), Flosculinella bontangensis L. Rutren, Rotalia sp.. 


Fig. 1: Austrotrillina howchini (ScHLUMB.) (30 x ); Fig. 2: Neoalveolina sp. (30 x); 

Fig. 3: Quinqueloculina sp. (30); Fig. 4: Lepidocyclina sumatrensis (BRADY) 

(16 x); Fig. 5: Heterostegina borneénsis VAN DER VLERK (30 x); Fig. 6: Kata- 

cycloclypeus sp. (30 x); Fig. 7: Lepidocyclina parva OppENoorTH (30 x); Figs. 8 

and 9: Lepidocyclina japonica YasBE (30 x): Fig. 10: Lepidocyclina sp. (30 x); 

Fig. 11: Miogypsina s. str. sp. (30 x); Fig. 12: Lepidocyclina ferreroi PROVALE 
(30 x); Fig. 13: Alveolinella quoyi (D’ORBIGNY) (12 x). 


RAAFF: Tertiary foraminifera from N.W. Dutch New Guinea 
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Heterostegina sp., Operculina sp., Orbulina sp., Warginopora vertebralis 
Quoy and Gaimarp, Amphistegina sp.. Lithophyllum sp., corals, 
Globigerina sp., bryozoa. 

35 West coast of Wartandiek Bay. 

Light yellow limestone (Warai limestone), containing : 
Lepidocyclina sp., Operculina sp., Gypsina globulus Reuss, algae, 
corals, Globigerina sp. (numerous). 


. 36 West coast of Wartandiek Bay. 


Coarse-grained limestone (Warai limestone), containing : 
Amphistegina sp., Operculina sp., Planorbulina sp., Gypsina globulus 
Reuss, Globigerina sp., corals, algae. 

37 West coast of Wartandiek Bay (North Batanta). 

Light coloured limestone breccia (Warai limestone), containing: 
Lepidocyclina sp., Amphistegina sp., Operculina sp., ? Gypsina, 
Globigerina sp., corals, algae. 


41 North Batanta, south coast of Wartandiek Bay. 

Light coloured, rather coarse-grained limestone (Warai limestone), 
containing : 

Miogypsina s. str. sp. (plate, fig. 11), Katacycloclypeus sp., Flosculinella 
bontangensis, L. Rutten, Lepidocyclina sp., Amphistegina sp., Oper- 
culina sp., ? Cycloclypeus sp., corals, Globigerina sp., algae. 


131 South coast of Batanta (1 km west of kg Wailibit). 
Fine-grained yellow-brown limestone in coarser dark-grey limestone 
(Warai limestone), containing: 

Miogypsina s.str. sp., Lepidocyclina parva OPPENOORTH, Gypsina 
globulus Reuss, Operculina sp., Amphistegina  sp., corals, 
Globigerina sp. (numerous), algae. 


136 South Batanta (1} km north of the lighthouse). 

Light grey limestone, containing: 

Lepidocyclina sp., Spiroclypeus sp., Hulepidina sp., Cycloclypeus sp., 
Rotalia sp., Amphistegina sp., Cymopolia sp., corals (very numerous), 
Lithophyllum sp., bryozoa. 


. 350 West Batanta (upper course of the Warédoor River). 


Fine-grained grey limestone (Globigerina limestone, Warai limestone), 
containing : 

Miogypsinas.str.sp., Lepidocyclina sp., Gypsina globulus Rnuss, Cyclo- 
clypeus sp., Amphistegina sp., Globigerina sp. (very numerous), algae. 


351 West Batanta (upper course of the Warédoor River). 

Massive light brown limestone (Warai limestone), containing: 
Eulepidina formosa SCHLUMBERGER, Lepidocyclina cf. SUmMUtrensis 
(Brapy), Miogypsina s.str. sp., Heterostegina sp., Globigerina sp. 


(numerous), algae. 
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No. 352 West Batanta (upper course of the Warédoor River). 
Dark grey limestone (Warai limestone), containing: 
Miogypsina s.str., sp., Lepidocyclina ferrerot PROVALE (plate, fig. 12), 
Lepidocyclina sp.. Cycloclypeus sp., Amphistegina sp.., Planorbulina 
sp., ? Operculina, corals, algae, bryozoa, Globigerina sp. 


No. 878 N.W. Batanta (north point of the peninsula between Dajang Bay 
and Warwarai Bay). 
Porous yellow-white fine-grained limestone (Dajang limestone), 
containing: 
Miogypsina s.str. sp., Operculina sp., Planorbulina sp., Orbulina sp., 


Rotalidae. corals. 


No. 909 North Batanta (east side of Warai Bay, 1} km 8.W. of No. 01). 
Very light-coloured Operculina limestone (Warai limestone), con- 
taining : 

Lepidocyelina sp.. Operculina sp. (very numerous), /Heterostegina sp., 
Amphistegina sp., Globigerina sp. 


V. The isle of Kofiau. 


No. 252a Kofiau, west of Salawati (north-eastern part of the Monges Hills). 
Compact light-coloured limestone, containing: 
Alveolinella quoyt (D’ORBIGNY) (plate, fig. 13), Marginopora vertebralis 
(Quoy and GarmMaRD), Cycloclypeus sp., Rotalia sp., Archaias sp., 
Globigerina sp., Amphistegina sp., corals. 


From these determinations the following conclusions can be drawn: 

The oldest sample is number 222c. It is to be placed in the lower part 
of Tertiary e. Numbers 315b and 136 belong to Tertiary e and No. 136 
perhaps to upper e. The limestones numbered 806, 380, 2b, 7, 35 and 
probably also the numbers 36 and 37 are formed during the upper e or 
lower f. Those numbered 660, 718b, 3la, 41, 131, 350, 351, 352 and 909 
belong to upper e or f. For numbers 660, 41 and 909, and f-age is very 
probable, Also the numbers 878, 01, 31b are from the last-mentioned age. 
Number 252a, however, is probably younger. 


Rijksmuseum van Geologie en Mineralogy, Leiden 
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BIOCHEMISTRY 


POSSIBLE INTERMEDIATES IN THE BLOSYNTHESIS 
OF PROTEINS: THE OCCURRENCE OF NUCLEOTIDE-BOUND 
CARBOXYL ACTIVATED PEPTIDES IN PREPARATIONS OF 
RIBONUCLEIC ACIDS FROM SOLUBLE AND PARTICULATE 
FRACTIONS OF YEAST CELLS 
A PRELIMINARY NOTE 4) 2) 
BY 


§. R. DE KLOET, A. H. W. M. SCHUURS, 
V. V. KONINGSBERGER anp J. To. G. OVERBEEK 


(Communicated at the meeting of March 26, 1960) 


1. Introduction 

The occurrence of dialysable carboxyl-activated peptide-nucleotide 
compounds in extracts of ether-COy2 frozen baker's yeast was reported by 
a group of investigators from this laboratory about three years ago (1). 
During a study on the occurrence and the composition of these activated 
compounds, it was found (2-6) that they can be isolated from both the 
100.000 g supernatant- and the microsomal RNP particulate fractions of 
yeast cells. Their probable chemical structure can be indicated as 
follows (4): 


0 
H H 
Ad—C C 
a 1 / CH OPOsHs 
Oo Oo 


Sp i le 
CO 
peptide 


The isolation of similar peptide-nucleotide compounds from various 
tissues and microorganisms was described by a number of other authors 
(6-16, 19). 

Regarding the reported rather general occurrence of peptide-nucleotide 
compounds in cells synthesizing proteins, it was considered of interest to 


') This work was supported by the Netherlands Organization for Pure Research 
(Z.W.O.). 

ona : : ae : 7 : : ‘ 

*) The following abbreviations will be used: RNA, ribonucleic acid; RNP, 
ribonucleoprotein; Ad, adenine; AMP, adenosine monophosphate; ATP, adenosine 
triphosphate; PP, inorganic pyrophosphate. 
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obtain more experimental data on the origin of these compounds in the 
cell. In this paper, preliminary data are presented indicating the occurrence 
of carboxyl-activated nucleotide-bound peptides in preparations of ribo- 
nucleic acids (RNA) from both the 100,000 g supernatant (s-RNA)- and 
the microsomal RNP-particulate (m-RNA) fractions from cells of baker’s 
yeast. Attention should be given to the fact, that the activated peptides 
occurring in preparations of RNA are not dialysable, in contradistinction 
to the activated peptides in yeast dialysate (1-6). This may be seen as an 
indication that they are bound to more than one nucleotide. 


2. Material and methods of preparation 


In most experiments, freshly obtained commercial baker’s yeast (“koningsgist’’, 
Gist- en Spiritusfabriek, Delft) was used. The cells were broken up by grinding 
with carborundum; they were extracted with a 0.005 molar phosphate buffer pH 6.8 
containing 3 « mol Mg*~ per ml. Whole cells, cellwalls and larger particles were 
spun off at 12.000 g in a refrigerated centrifuge: 100.000 g supernatant-and micro- 
somal RNP-particulate fractions were obtained from the remaining extracts according 
to the method of FU-CHUAN CHAO and SCHACHMAN [16]. RNA was isolated from 
these fractions by the phenol extraction method as described by Kirsy [17]. As 
it has been stated [18] that the active RNA from yeast 100.000 g supernatant 
does not precipitate at pH 5, the extraction was performed without any preceding 
precipitations. The s- and m-RNA preparations were dialysed against water for 
24 hours in the cold and concentrated by freeze-drying. 


An instantaneous and very distinct ferric hydroxamate colour was 
observed when s-RNA preparations were incubated for a few minutes 
or less with 2 m salt-free hydroxylamine at 30° C, followed by the addition 
of an acidified (0.67. N HCl, 5% TCA) FeCl3 solution. With m-RNA 
preparations, the same procedure would yield hardly any distinguishable 
colour. Better results were obtained when the freeze-dried reaction 
mixture of m-~RNA and hydroxylamine was subjected to paperelectro- 
phoresis, the hydroxamate colour being developed by spraying the paper 
with the FeCls solution. 

The applied analytical reagents and procedures were essentially the 
same as have been described before (2, 4, 5); s-RNA and m-RNA 
preparations and the products of their reaction with salt-free hydroxyl- 
amine were subjected to paperelectrophoresis and paperchromatography. 


3. Paperelectrophoresis 

Preparations of s-RNA and of m-RNA were subjected to paper- 
electrophoresis on Whatman No. 3 paper in 0.02 m citrate buffer pH 3 
and pH 4.1 and in 0.02 m phosphate buffer pH 6.2. The results of some 
representative experiments are shown in figs. 1 and 2. Measurements of 
the 260 my extinction indicated the presence of at least three nucleotide 
components in the s-RNA preparations. A distinct peak was found in 
the 260 my absorption in the direction of the cathode, at the spot where 
ninhydrin positive carboxyl activated compounds could be located by 
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spraying with 2 m salt-free hydroxylamine, heating to dryness (80° C) 
and subsequent spraying with FeCl; solution. Furthermore, a striking 
similarity was noticed between our present results with undialysable 
s-RNA and those with the carboxyl activated nucleotide-bound peptides 
from freeze-dried yeast dialysate (2-6), the main difference being the 
larger amount of nucleotide material in s-RNA. 
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Fig. 1. Schematic outline of a paperelectrophoresis experiment with s-RNA, 
showing the spots with blue and violet fluorescence in U.V. light, a positive ninhydrin 
reaction, hydroxamate forming material and the course of the absorption at 260 
my. Electrophoresis at 8 V em~! for 17 hours in 0.02 m phosphate buffer pH 6.2. 


Hardly any fluorescence and no distinct hydroxamate colour could be 
observed when m-RNA preparations were subjected to paperelectro- 
phoresis (fig. 2). 
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Fig. 2. Outline of a paperelectrophoresis experiment with m-RNA, showing 
ninhydrin positive spots and the course of the absorption at 260 mu. Hardly any 
fluorescence was observed and the carboxyl-activated compounds could not be 
located. Electrophoresis at 8 V em-! for 17 hours in 0.02 m phosphate buffer pH 6.2. 
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J. TH. G. OVERBEEK: Possible intermediates in the biosynthesis of proteins: 
the occurrence of nucleotide-bound carboxyl activated peptides in preparations 
of ribonucleic acids from soluble and particulate fractions of yeast cells. 
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Fig. 3 Ninhydrin-sprayed chromatograms of hydrolysed and un-hydrolysed 
hydroxamic acids prepared from s-RNA and m-RNA preparations: see text and 
; table I. 
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At least four peaks in the 260 my extinction indicated that the m-RNA 
preparation was also rather heterogeneous. 

However, a distinct ferric hydroxamate colour and some blue-violet 
fluorescence was observed when the reaction mixture of m-RNA and 
2 m salt-free hydroxylamine was subjected to electrophoresis after being 
kept at 30°C for 5 minutes and subsequent freeze-drying. 

Hydroxamie acids from s-RNA and m-RNA preparations moved with 
the same velocity into the direction of the cathode and showed a similar 
blue-violet fluorescence in U.V. light. They were eluated and chromato- 
graphed in order to study their composition. 


4. Paperchromatography 

The following mixtures and compounds were subjected to paperchromato- 
graphy on Whatman No. | filterpaper with n—butanol-acetic acid-water 
(9:1:1) as the solvent. 


1. Preparations of s-RNA and of m—RNA were incubated for 5 minutes 
at 30° C with 2 m salt-free hydroxylamine, freeze-dried and extracted 
with a mixture of 50° ethanol-50 % H2O. Paperchromatograms of 
these extracts showed 3 (m-~RNA)—5 (s-RNA) spots with blue and 
violet fluorescence in U.V. light. Both preparations yielded only one 
spot showing a distinct ferric hydroxamate colour: this spot was 
eluated, one half being kept as a blank, the other half being hydrolysed 
with 6 N HCl. The hydrolysates and their blanks were run in separate 
chromatograms. 

Hydroxamic acids from s-RNA and from m-RNA were subjected to 
paperelectrophoresis in 0.02 m citrate buffer pH 3. The zones con- 
taining the hydroxamic acids were eluated and chromatographed after 
freeze-drying. With both preparations, two spots showing a distinct 
ferric hydroxamate colour were obtained. These spots were eluated, 
treated as has been described above and re-chromatographed. 


bo 


The results of our experiments are summarized in table I and illustrated 
in fig. 3. 


TABLE 1 
Ry, values of hydroxamic acids from s-RNA and m-RNA in n-butanol-acetic 
acid-H2,O (9:1:1) 
ee 
Hydraxis Purified by Ry 


peel | acid from | 
ee —_—__”  0.0oV—oo_ 

SC; s-RNA single chromatography of | 

50% EtOH-50% He2O extract 20 
MCi m-RNA same as SC; A 
SEC; | s-RNA paperelectrophoresis at pH 3, 

followed by chromatography 23 
MEC, m-RNA same as SEC; 24 
SEC2 s-RNA same as SEC; 4 


MEC2 m-RNA same as SHC; .DD 
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The results with hydroxamic acids showing a low R, are not conclusive 
for the presence of activated peptides (see fig. 3); both amino acyl— and 
peptide hydroxamates may be involved. The results obtained with the 
hydroxamie acids having a rather high R, (SEC: and MEC,) strongly 
suggest the presence of carboxyl-activated peptides in our preparations 
of both s— and m-RNA. 

The sedimentation of both s— and m-RNA preparations has been 
studied in a SPINCO analytical ultracentrifuge. At least three peaks 
were obtained with our s-RNA preparations, showing sedimentation 
constants of 5, 2 and <1 Svedberg units. The m-RNA preparation 
showed four peaks with sedimentation constants of 5, 14, 20 and 30 
Svedberg units. It is rather striking to notice the qualitative similarity 
of the hydroxamic acids that were isolated from these apparently different 
RNA preparations. 


Our present knowledge about the biosynthesis of cytoplasmic proteins 
may be briefly outlined as follows: 


1. Individual amino acids are activated (e.g. 20) according to: 
R-HCNH2—-COOH + ATP + E(nzyme) s+ E-AMP-CO-HCNHoR + PP. 

2, Enzyme-bound carboxyl-activated amino acids are transferred to 
ribonucleic acids from the soluble fraction of the cell (e.g. 21, 22): 
E-AMP-CO-HCN H2-R+s-RNA <5 s-RNA-CO-HCNH2R+ E+ AMP 

3. The final condensation of carboxyl-activated protein precursors to 
proteins occurs in microsomal and other particulate fractions. 


With regard to this knowledge, attention may be drawn to: 


— 
. 


The probable structure of the carboxyl-activated peptides, which seem 
to be bound to one or more nucleotides. 


bo 


The reported general occurrence of peptide-nucleotide compounds in 
cells synthesizing proteins. 

3. The presence of carboxyl-activated peptide-nucleotide compounds in 
preparations of both s—- and m-RNA, as well as in isolated microsomal 
RNP particles. 


In our opinion, this experimental evidence suggests the occurrence of a 
a5 v eae 33 ‘ Ts : : 
pre-particulate” condensation of s-RNA bound carboxyl-activated amino 
acids to specific nucleotide-bound activated peptides. 


5. Summary 


Ribonucleic acids have been isolated from 100.000 g supernatant- and 
microsomal ribonucleoprotein particulate fractions aa baker’s yeast. 
Experimental evidence is presented, indicating the presence of carboxyl- 
activated peptide compounds in both ribonucleic acid preparations. The 


possible bearing of these activated compounds on the biosynthesis of 
proteins is briefly discussed. 
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PALEONTOLOGY 


DICERORHINUS KIRCHBERGENSIS IN THE TIGLIAN? 
BY 


H. LOOSE 


(Communicated by Prof. I. M. VAN DER VLERK at the meeting of March 26, 1960) 


In 1927 J. J. A. BERNSEN described a maxillar dentition of Dicerorhinus 
kirchbergensis from the Tiglian. This identification has since been accepted 
and copied in all lists of European quaternary faunas. Now in recent 
years all other old pleistocene finds of D. kirchbergensis have been shown 
either to represent D. efruscus or to be of younger date. Therefore the 
arguments advanced by BERNSEN will be reexamined in the following. 

BERNSEN described a maxillar dentition of “Rhinoceros Mercki”’ lacking 
the right P2 and the greater part of the left P? (only fragments of the 
outer ectoloph wall are present). The right P® has no outer wall so that 
here too exact dimensions can not be given. The animal was of considerable 
age, its teeth show considerable wear. 

BERNSEN writes: 

“The great wear of the upper dentition has caused many characters, 
among which the primary character, to disappear. The remaining ones do 
not point to Rh. etruscus, but to Rh. Mercki, viz: 

1. The exceedingly weak development of the inner cingulum in premolars 
and molars. 

2. The direction of this cingulum in the pm 2 and 1 (P38, P4), 

3. The great gradient of the anterior cingulum. 

4. The V-shaped entrance to the medisinus of the molars, which, though 
comparatively wide in mol. 2, falls within the limits of variation of 
the Mercki forms studied by me. 

5. The curved outer surface in mol. 3. 

6. The thick cement covering of the outer wall of the molars. 


7. The size of the separate teeth which exceeds that of all etruscus forms’’. 


On reexamination of these seven points the following is seen: 


(Point 1) The dentition has worn down close to the cingulum. This, 
and the fact that the enamel curves in on the lingual side of the chewing 
surface, makes it extremely difficult to say how much of a cingulum 
there actually was. Furthermore the argument loses much weight when 
BERNSEN writes a few lines lower: 
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“The dentition in Maastricht Museum possesses characters pointing in 
the direction of Rh. Mercki, as the development of the inner cingulum, 
which is insignificant for Rh. etruscus.”’ ; 

Nevertheless BERNSEN gives its determination as Rh. etruscus. 


(Point 2) Both P3 and P4 have worn to such a degree that it is 
impossible to evaluate the exact development of the inner cingulum, 
BERNSEN’s statement that the inner cingulum is absent on the anterior 
part of the right P% is not supported by examination of his specimen. 
The same holds for the right and left P4. 


(Point 3) BERNSEN here refers to the fact that the anterior cingulum 
of the M? and M? on the lingual side does not turn up at an angle, but 
sharply downwards. This is a situation which on the evidence of other 
molars of D. etruscus probably is a result of heavy wear. The upward 
curve which should be found on the lingual side of the protoloph is 
absent. Intermediate forms can be found in etruscus molars showing 
less wear. 


(Point 4) Here again BERNSEN makes a risky assumption on the basis 
of a feature which he should not use in an absolute sense but only 
comparatively. 

The shape of the medisinus entrance (protoloph sloping, metaloph 
steep, the medisinus rather wide, rounded, on the border between protoloph 
and metaloph a shallow incision) in the dentition from Steyl does not 
differ significantly from that of other molars from the Tegelen area. 


(Point 5) Marked cases of this may also be found in D. eétruscus 
molars. Only heavy wear makes the curvature look more pronounced. 


(Pint 6) The thickness of the cement covering in the fossil depends 
on the degree of conservation. Other molars from Tegelen show quite 
definitely thar the cement covering was lost in preparation. Other etruscus 
molars (in the Leiden Museum for instance the molars described by 
STROMER VAN REICHENBACH 1899) show appreciable cement covering. 


(Point 7) The principal argument of BERNSEN: the size of the molars. 
BERNSEN measured the molars stuck together with a bituminous sub- 
stance. For all measurements and comparisons he always used complete 
dentitions or rows of elements. Obviously, reliable results cannot be 
obtained this way. 

After separation and thorough cleaning, the following dimensions have 
been obtained (figures between brackets are those given by BERNSEN): 
(see table). 

Dimensions by and large fall within the range indicated for D. etruscus 
from Mosbach (larger molars from other localities are known). 

BERNSEN states that the molars from Steyl are smaller than the 
R. megarhinus (=D. kirchbergensis) molars from Grays and Ilford, Essex, 
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TABLE 1 


Tegelen D.etruscus D.kirchbergensis 
(Steyl) Mosbach | (Schroeder °30) 
sin. dext. 
length ectoloph P? | 32 (32) 30-35 5 = 
width protoloph 37 (88) 34-42 eee 
ps - 33-36 36—46 
: 49-53 55-70 
P4 | ca. 41 (ca. 40) 38 (39) 36-41 40-53 
61 (62) | 57 (57) 55-64 55-74 
M! ca. 47 (ca. 43) | ca. 45 (ca. 43) 42-49 47-60 
61 (63) | 62 (63) 53-63 63-72 
Me 52 (55) | 52 (55) 46-51*) 52-63 
63 (64) 62 (64) 57-62 | 63-73 
M3 60 (65 59.5 (62) 51-61 61-71 
59 (62) 58 (61) 50-58 | 58-70 


*) FREUDENBERG, 1914, mentions a specimen with Length 55. 


and the Rh. leptorhinus Owen (=D. hemitoechus Fale.) molars from 
Barrington, all in the British Museum. They are about the same size 
as the molars of Rh. leptorhinus Owen (= D. hemitoechus) from Ilford, 
Essex and Peckham and the Rh. Mercki (= D. kirchbergensis) molars 
from Mosbach described by SCHROEDER 1903, page 108. 

They are larger than all other Rh. leptorhinus molars in the British 
Museum and some molars of Rh. Mercki described by SCHROEDER 1903, 
pp. 106 en 133. These are the conclusions given by BERNSEN. 

The new measurements show: 

The molars from Steyl fall within the range of D. etruscus. They are 
too small for D. kirchbergensis. The measurements in the table for this 
species are taken from SCHROEDER, who did not recognize D. hemitoechus 
as a separate species. His Rhinoceros Mercki (and BERNSEN’s) is a 
combination of D. hemitoechus and D. kirchbergensis. As the teeth of 
D. hemitoechus are on the average smaller than those of D. kirchbergensis 
the minimum values for the latter should actually be higher than those 


given in the table. There remains no argument not to attribute the Steyl 
dentition to D. etruscus. 
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